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Preface 


This addendum of eight chapters completes the work of the Sierra Nevada Ecosystem Project Final Report to Con- 
gress. The first six chapters are an integrated set of reports that lay the framework for simulating alternative late 
successional conservation strategies and forest management policies in the Sierra Nevada. From that framework a 
limited set of alternatives in two large areas of the range are examined through the application of new models that 
combine forest growth, watershed disturbance, natural and managed fire, and timber harvest. The alternatives and 
simulations presented here, as elsewhere in the volumes of the report, are not intended to exhaust the possible 
choices but rather highlight some important options, link what we know about critical interacting parts of the sys- 
tem, and stimulate other ideas for future management of Sierran forests and watersheds. The final chapters are case 
studies of two of the more important symbols of the range: Lake tahoe and giant sequoia. In both cases the amount 
of scientific and policy information developed over the years is substantial and well beyond the purpose of SNEP to 
completely summarize. The intent of these studies is to sketch in broader terms how smaller scale examples can 
inform our understanding of something as large and complex as the entire range. The purpose of these chapters and 
all work accomplished under the Project is to assist Congress, the public, and others to understand better the condi- 
tions, trends, and options for the future of the Sierra Nevada ecosystem. The complete report includes the Executive 
Summary, volumes [, II, and III, and this addendum. 


Don C. Erman 
Team Leader 
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A Review of Current Non-Federal Policies 
on Non-Federal Lands in the Sierra Nevada 
that affect Aquatic, Riparian, Upland and 
Late-Successional Biological Diversity 


ABSTRACT 


Current policies affecting biological diversity on the non- 
federal lands in the Sierra Nevada are complex and 
interlinked. These policies, the jurisdictions from which 
they are derived, and the landtypes to which they 
extend are summarized and discussed in this paper. 
The range of policies affecting biodiversity considered 
include those with direct biodiversity goals well as those 
with secondary effects. First, relevant water quality law 
and provisions of the California Environmental Quality 
Act (CEQA) are described. Second, policies with 
impacts on late-successional/old growth systems are 
analyzed in detail. Third, policies affecting the biological 
diversity of aquatic and riparian systems, upland areas, 
and late-successional forests are summarized across 
five different land types: (1) forested lands under the 
jurisdiction of the California Department of Forestry and 
Fire Protection (CDF), (2) forested lands not under 
CDF’s jurisdiction, (3) hardwood woodlands, (4) 
rangelands, and (5) areas of human settlement. Finally, 
a comparison is made between different aquatic and 
riparian protection strategies discussed in the Sierra 
Nevada Ecosystem Project report and the current goals 
and regulations that exist in different jurisdictions. 


I: INTRODUCTION 


In order to pursue the Sierra Nevada Ecosystem Project’s 
(SNEP) goal of examining management strategies that 
maintain the health and sustainability of Sierran ecosystems 
while meeting human needs we need to know what policies 
are in place that may already provide protection or may be 
used to provide protection under various strategies discussed 
in the project. The information in this report may be used to 
help ascertain whether current policy on non-federal lands is 
sufficient to achieve the goals of these management strategies, 
and if not, to define what additional biodiversity protection 
goals would be needed. 

Throughout this paper we use the term “biodiversity” in a 
more general sense than its narrow definition of diversity of 
species, communities, or gene pools. The assumption behind 
our choice of this word is that high biodiversity often 
correlates with relatively intact, functional systems while 
more disrupted systems often have lower levels of 
biodiversity compared to their former condition. Biodiversity 
is not always higher in less-disturbed systems, however. For 
clarification, in this paper we are using the term 
“biodiversity” loosely, as a surrogate for the various forms of 
biodiversity, functioning ecosystems, and presence of native 
biota. The protection of biodiversity, in its broadest sense, 
including late-successional forests, is an important ingredient 
in maintaining the health and sustainability of Sierran 
ecosystems. 


Sierra Nevada Ecosystem Project: Final report to Congress, Addendum. Davis: University of California, Centers for Water and Wildland Resources, 1996. 


2 


ADDENDUM 


The protection of biodiversity in the Sierra Nevada takes 
many forms and involves many institutions and approaches. 
There are more than 50 agencies at the federal and state levels 
with some degree of jurisdiction over California’s rivers. A 
number of agencies involved in terrestrial resources and 
county and municipal levels of government swell the ranks of 
agencies involved in regulating the Sierra Nevada’s 
environment. To depict all regulations and discuss their 
effects for each of these agencies, and all of the local 
jurisdictions as well, is a daunting task. 

In this paper, we examine major institutional players and 
policies that probably have the greatest effect on Sierran non- 
federal biological diversity. The primary intent of this paper is 
to support discussion on more focused topics, such as 
biodiversity in aquatic, riparian and late-successional areas in 
the Sierra. Within the limited scope of this work, some 
elements of biodiversity are not covered. Many levels of 
detail of current policy, for example, particularly local 
municipalities and their programs, are addressed only briefly 
here (instead, see Duane 1996). Due to the large scope of this 
analysis, policy information has not been collected on policies 
relating to pesticides, agricultural laws and mining, and 
minimal data has been collected on air quality (instead, see 
Cahill 1996). 

Policies may directly and intentionally affect biodiversity 
(polices with biodiversity goals) or indirectly or incidentally 
affect biota (policies with biodiversity effects). The state 
Endangered Species Act, for example, is a policy with distinct 
goals for protecting biota. The regulations affecting 
significant visual impacts in the environment, in contrast, may 
have significant indirect effects on local flora and fauna. 
Policies often have both direct and indirect effects, however. 
Water quality policy, case in point, has both direct and 
indirect influences. Temperature regulation is primarily a 
control for biota. At the same time, however, many legally 
defined beneficial uses” of water quality are directly intended 
to satisfy human needs for water—even these policies, 
however, affect biodiversity. 

The links between policies and their effects are rarely 
distinct. Policies discussed in this paper may have had 
positive effects on biological diversity through their 
implementation. Then again, they may not have. The goal of 
this paper is not to investigate and report whether policies on 
non-federal land have increased or relieved pressures on 
biodiversity—that is the role of more focused assessments 
elsewhere in the Sierra Nevada Ecosystem Project—but to 
describe these policies and, when possible, the extent of their 
application. Additionally, the goal is not to identify all 
policies with influence on biodiversity in the Sierra, but to 
focus on those which differentially affect biota on one land 
type or another. Road building regulations, for example, tend 
to be very different on different land types and so probably 
have different effects on local biodiversity. 

The initial section of this paper provides background on 
policies that affect all or most of the non-federal lands in the 
SNEP study area. These policies extend across all the lands 
discussed below with Section III. Section II focuses on 
policies specific to late-successional forests on non-federal 
lands. Section II contains a detailed comparison of current 
policies that affect biological diversity by examining policies 


in five different land types: (1) forested lands under the 
jurisdiction of the California Department of Forestry and Fire 
Protection (CDF), (2) forested lands not under CDF’s 
jurisdiction, (3) hardwood woodlands, (4) rangelands, and (5) 
areas of human settlement. Appendix I contains a comparison 
of different goals and objectives for conservation of aquatic 
and riparian systems in different jurisdictional settings. Later 
appendices provide levels of detail on road and riparian 
regulations that were too extensive to fit into the matrix in 
section III. 


General Provisions under the California 
Environmental Quality Act (CEQA) 


The California Environmental Quality Act (CEQA) applies to 
all public or private projects carried out by or approved by 
non-federal agencies. These agencies include state agencies, 
boards and commissions, county, city, regional public district, 
redevelopment, or other political subdivision authorities 
(including interstate commissions such as the Tahoe Regional 
Planning Agency). In short, the requirements of the CEQA 
review process apply to any decision which is discretionary 
in that it involves the judgment of public officials or 
expenditure of state money. Ministerial projects—those 
required or allowed by law without administrative 
discretion—are exempt from the CEQA process. 

CEQA requires assessment of significant adverse impacts 
in the past, present and foreseeable future stemming from 
existing or proposed activities. Often this review takes the 
form of an environmental impact report (EIR). Under state 
law, reviewing agencies must reject proposals that still have 
significant effects after mitigation measures and alternatives 
have been considered. Agencies are not required to reject 
proposals, however, if there are “overriding considerations.” 

All lead agencies, including CDF and California 
Department of Fish and Game (DFG) and Regional Water 
Quality Control Boards (RWQCB) are supposed to 
disapprove plans with significant adverse impacts, except as 
noted above. If a reviewing agency finds significant adverse 
impacts it must notify the lead agency that a significant 
adverse impact is likely and advise that the project be 
stopped. 

If there is no way to avoid significant effects then the 
lead agency must suggest feasible means of significantly 
reducing those effects. Barring that, the effects must be 
mitigated to the extent possible. If no feasible alternatives 
exist or if the mitigation measures will not have a significant 
effect in reducing impacts then a finding of overriding 
considerations may allow the project to proceed within the 
limits of other environmental laws such as the Clean Water 
Act (CWA) and Endangered Species Act (ESA). While the 
existence of overriding considerations may be used to approve 
a project that may have significant adverse environmental 
effects, typically an attempt is made to deal directly with any 
significant adverse impacts that do occur. 

While CEQA is largely procedural, it can result in the 
generation of significant information and analysis which the 
lead agency may use to make sounder decisions and modify 
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or reject plans with significant effects and cumulative 
impacts. 

Some agency review processes have been declared the 
functional equivalents to CEQA. The California Forest 
Practice Rules, for example, are considered equivalent to 
CEQA in process. As a result, when a landowner files a 
timber harvest plan (THP) with the California Department of 
Forestry and Fire Protection (CDF) no separate CEQA review 
is required. The Forest Practice Rules are more specific than 
CEQA when it comes to not allowing activities with 
significant adverse impacts. When a timber harvest plan is 
filed a licensed forester (Registered Professional Forester, 
RPF) must describe whether there will be any significant 
adverse impacts. If there will be significant effects the forester 
must take any feasible means possible to avoid, reduce, or 
mitigate the impacts. These can be required to be very 
expensive as long as the mitigation costs do not exceed 
project revenue for more than three years in a row. 


Significant Adverse Impacts 


The presence or absence of significant adverse impacts is key 
to almost all CEQA-related evaluations in the state. While 
there are many different kinds of significant adverse impacts 
not all are relevant to a discussion of biodiversity. A selected 
list of the kinds of effects which may impact biological 
diversity is summarized below. 

A project will normally have a significant effect on the 
environment if it will: 


e Substantially affect a rare or endangered species of 
animal or plant or the habitat of the species; 

e Interfere substantially with the movement of any resident 
or migratory fish or wildlife species; 

e Induce substantial growth or concentration of population; 

e Substantially diminish habitat for fish, wildlife or plants; 

e Convert prime agricultural land to non-agricultural use or 
impair the agricultural productivity of prime agricultural 
land; 

e Have a substantial, demonstrable negative aesthetic 
effect; 

e Conflict with adopted environmental plans and goals of 

the community where the project is located; 

Cause substantial flooding, erosion, or siltation; 

Contaminate a public water supply; 

Substantially degrade or deplete ground water resources; 

Interfere substantially with ground water recharge; 

Conflict with established recreational, educational, 

religious or scientific uses of the area; 

e Violate any ambient air quality standard, contribute 
substantially to an existing or projected air quality 
violation; or 

e Disrupt or adversely affect a prehistoric or historic 
archaeological site or a property of historic or cultural 
significance; or a paleontological site except as part of a 
scientific study. 


(Remy, et al. 1994) 


The item about aesthetic effects deserves elaboration. 
While aesthetic values, including visual viewsheds, are not 


inherently tied to biodiversity the strength of aesthetic values 
and regulations often result in stronger protection for local 
biodiversity than would regulations specifically designed to 
provide biological protection. 


Regulation of Water Quality 


Who Regulates Water Quality and Cumulative 
Watershed Effects? 


While this paper focuses on non-federal lands in the Sierra 
Nevada, water quality regulations, as administered, transcend 
the federal/non-federal boundary. For this reason, some 
discussion of federal policy accompanies discussion of non- 
federal approaches to dealing with water quality and 
cumulative impacts. Water quality law typically deals with 
point and non-point pollution. Impacts from land 
management, including building roads and harvesting timber, 
are considered non-point pollution sources. The following 
discussion focuses on these non-point sources. 

The Federal Water Pollution Control Act (commonly 
called the Clean Water Act or CWA) entrusts the state with 
the role of ensuring water quality within the constraints of 
detailed federal legal requirements and approval. Under the 
CWA states may set their own water quality standards and 
both state and federal agencies must comply with them. Best 
management practices (BMP) of the federal agencies do not 
supersede the states’ authority and states’ water quality 
boards’ regulatory authority even when Memorandums of 
Understanding (MOU) or Management Agency Agreements 
(MAA) have been signed. Thus, the federal agencies must 
meet state water quality requirements in forest management 
activities. In contrast, this state authority over federal lands is 
not paralleled by state forestry laws and regulations 
administered by the California Department of Forestry and 
Fire Protection (CDF). These state forestry laws are strictly 
limited to the non-federal lands. 

In California, Regional Water Quality Control Boards 
(RWQCB) have been established which have developed EPA- 
approved regional and basin-specific water quality plans. 
There are two boards with jurisdiction in the Sierra. All the 
drainages flowing into the Central Valley are under the 
auspices of the Central Valley RWQCB while the East side 
drainages are regulated by the Lahontan RWQCB. 

In addition to the Basin Plans of the Regional Water 
Quality Control Boards, the Department of Fish and Game 
(DFG) is involved in the process of approving any plans 
which will affect aquatic or riparian biota. Plans must be 
submitted to DFG if activities suggested in the plan will 
divert, obstruct or change the natural flow or the bed, channel, 
or bank of any waterway if fish or wildlife use that water; or 
if the activity occurs in a water body designated by DFG; or if 
any debris will be discharged where it can pass into a water 
body designated by the department ($1601 and §5650 
California Fish and Game Code). DFG notifies the lead 
governmental agency of the potential effect and suggests 
mitigation measures. On-site investigations may be made as 
necessary. The code states, 
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A governmental agency or public utility proposing a 
project subject to this section shall not commence 
operations on that project until the department has 
found that the project will not substantially adversely 
affect an existing fish or wildlife resource. 

(§1601 (c) California Fish and Game Code) 


It is unlawful for any person to commence any 
activity affected by this section until the department 
has found it will not substantially adversely affect an 
existing fish or wildlife resource or until the 
department’s proposals, or the decisions of a panel of 
arbitrators have been incorporated into such projects. 

($1603 California Fish and Game Code) 


In short, if land management activities will affect stream 
environments the Department of Fish and Game must be 
notified and there must be a finding that fish and wildlife are 
not significantly impacted. 


Beneficial Uses 


Key to water quality evaluations in the state are pre- 
determined “beneficial uses.” These beneficial uses are 
defined in the basin plans for each water body in the Sierra 
Nevada. Before any plan can be approved effects on 
downstream beneficial uses of water must be evaluated. The 
in-stream use of water for recreation and preservation and 
enhancement of wildlife resources constitute beneficial uses 
of water ($1243, California Water Code). Adjudications that 
were utilitarian and precluded water necessary for fish and 
wildlife might be changed to include fish and wildlife as 
legitimate beneficial uses (Mono Lake decision, 1983, 
National Audubon Society v. Superior Court, 33 Cal. 3d 419, 
189 Cal. Rptr. 346, 658 P.2d 709). 

In any timber harvest plan (THP) filed with CDF, the 
responsible forester must identify existing and restorable 
beneficial uses (§916.5a State Forest Practice Rules). Salmon 
habitat isolated from salmon runs by a downstream dam is not 
considered a restorable use. Dams are considered permanent 
blockades. Diversions and culverts, however, are 
impermanent and habitat beyond them must be sustained or 
restored. 


How do RWQCBs Regulate Water Quality and 
Cumulative Effects on Non-Federal Lands? 


On non-federal forested lands the primary mode of assessing 
and regulating cumulative watershed effects is CDF 
administering the state Forest Practice Rules as per a 
management agency agreement (MAA) between the state 
Board of Forestry (BOF) and State Water Resources Control 
Board (SWRCB). Regional Water Quality Control Boards 
(RWQCB) are called in on consultation with CDF to do pre- 
harvest inspections and, sometimes, post-harvest inspections. 
Currently these are done when a Timber Harvest Plan (THP) 
is filed. In the future, they also will be performed when 
Sustained Yield Plans (SYP) are approved. 

The state Board of Forestry (BOF) has established rules 
for meeting water quality standards but it does not have 


prescribed methods of determining attainment of the 
standards. Additionally, while there are some quantitative 
standards laid out in the Forest Practice Rules (§912.9, 932.9, 
952.9 and Technical Rule Addendum #2) CDF and the 
RWQCB perform qualitative visual inspections and do not 
usually take actual measurements. On occasion, stream 
temperatures and canopy cover data are collected. 

Cumulative Watershed Effects (CWE) analysis is not 
required by the regional water quality control boards but 
represents one of many ways in which CDF standards meet 
and exceed the scope of the water boards’ goals. The Forest 
Practice Rules do not require one method in particular to use 
to determine cumulative impacts. Many methods are allowed, 
including Equivalent Roaded Acre assessments (ERA) and 
general narratives (see Berg, Roby and McGurk 1996; and 
Menning, et al. 1996). The actual form is up to the Registered 
Professional Forester (RPF) who works on the THP or SYP. 
Informal sources report that the rigor with which these 
cumulative watersheds effects analyses are reviewed, 
however, is questionable. Typically, the analyses are 
qualitative rather than quantitative. 

The RWQCB’s water quality protection strategies are 
primarily performance oriented and not prescriptive. State 
law, in fact, precludes the agencies from stating how effects 
must be avoided (California Porter-Cologne Act). The 
RWQCBs determine what water quality levels must be met 
but they will not state specifically how those standards must 
be met. Where permits are required in instances of discharges 
or other activities with effects on aquatic systems the regional 
boards can accept or deny proposals. These determinations 
are based on the activities’ probable impacts on declared 
downstream beneficial uses. The RWQCBs can require 
mitigation or minimization but cannot say how a project must 
be done. 

In situations in which no permits are required the boards 
have no say on how impacts should be avoided. Instead, they 
react to impacts when they exceed ambient standards. When 
ambient standards are violated the RWQCB may require 
permitting of non-point pollution sources. 

This difference between being prescriptive about goals as 
the Forest Practice Rules are defined, versus performance 
oriented, as the RWQCB basin plans are written, represents a 
primary difference in the way water quality policy is 
administered under these different jurisdictions. 

The Regional Water Quality Control Boards establish 
guidelines for entire water basins including standards for: 


Taste, Odor, Temperature, Turbidity, Dissolved 
Oxygen (DO), Total Dissolved Solids (TDS), 
Sediment (a qualitative measure), Bacteria, 
Ammonia, Nitrates, and Phosphorus. 


(California Regional Water Quality Control Board, 
Central Valley Region 1994) 


Additional numeric standards are established for river basins 
and for specific hydrologic subunits such as particular lakes 
and streams. These standards apply to all jurisdictions. 
Standards enforced on non-federal lands during review of 
THPs are stated in the State Forest Practice Rules (including 
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Technical Rule Addendum #2). These standards are also 
enforced for exemptions and emergencies. As described 
above, actual methods of assessment vary. In the SYP rules, 
ERA is considered an acceptable but not exclusive method of 
analysis. The “Final Report of the Forest Practice Rules 
Assessment Team to the State Water Resources Control 
Board” (1987) indicates that as of the late 1980’s best 
management practices on these non-federal lands under 
CDF’s jurisdiction often had BMPs poorly implemented, and 
in many cases they were not implemented at all. 


A Brief Discussion of Air Quality 


A number of air quality districts range up and down the Sierra 
(see Cahill 1996). Each has its own method of dealing with 
air quality and burning based on local sources, wind 
conditions, population centers and sources of other pollutants. 
Burn plans are required to be submitted and approved before 
burns begin. These are applied for at the individual forest 
level. In the Northern Sierra Air Management District these 
plans must be filed thirty days in advance (Gilbert, personal 
communication, 1995). 

Currently, the air quality districts are expecting increases 
in prescribed burning requests from the federal agencies. The 
Interagency Air and Smoke Council (ISAC) has been formed 
by the U.S. Environmental Protection Agency (EPA), state air 
quality authorities and federal agencies, to facilitate cross- 
jurisdictional cooperation. Anticipating more management 
fires, the Northern Sierra Air Management District is 
considering giving credits for reducing fuel loads with 
methods such as chipping and shredding instead of burning. 
The goal is to reduce the total amount of fuel burned at a site 
and also in terms of total number of sites, as well as to keep 
fires cooler by creating finer fuels so fires mobilize fewer 
particulates. 

Larger prescription fires in the Northern Sierra Air 
Management District may be limited to 50 acres per day 
(Gilbert, personal communication, 1995), although the total 
burned in a larger area is not specified. This might mean that 
a 2000 acre area such as one of SNEP’s late-successional/old- 
growth (LS/OG) polygons (see Franklin and Fites 1996) 
might be required to burn over a 40 day period or longer. 
Since the physical conditions (prescription window) for this 
are quite unlikely it remains uncertain how these policies 
would this affect federal and state land management agency 
policies which embrace an expanded prescribed burning 
policy. The biological effects of an increase in prescribed 
burning also remain unknown. 


Il: CURRENT NON-FEDERAL POLICY FOR LATE 


SUCCESSIONAL / OLD GROWTH FORESTS 


California Non-Federal Late-Successional / 
Old Growth (LS/OG) Definition 


A late-successional forest stand is primarily defined in the 
Forest Practice Rules according to its California Wildlife 
Habitat Relationships (WHR) forest structure classification. 
Thinned or previously harvested forests can be considered old 
growth if they meet the 5M or higher WHR standard and 
exhibit other characteristics of late successional forests. 


Late Successional Forest Stands means stands of 
dominant and predominant trees that meet the 
criteria of WHR class 5M, 5D, or 6 with an open, 
moderate or dense canopy closure classification, 
often with multiple canopy layers, and are at least 20 
acres in size. Functional characteristics of late 
succession forests include large, decadent trees, 
snags, and large down logs. 

($895 Forest Practice Rules) 


Technically, just assessing WHR ranks is not sufficient to 
classify a forest stand as LS/OG since canopy layers, species 
composition, habitat characteristics and woody material need 
to be considered in the determination. While no formal 
inventory of late-successional forests on non-federal lands has 
been completed a number of informal sources report that 
stands meeting the state late-successional / old growth criteria 
do exist scattered around the Sierra. 

The Forest Practice Rules definition is a more restricted 
definition of late-successional / old growth forest than that 
adopted by the Sierra Nevada Ecosystem Project. In the SNEP 
approach to LS/OG stands Sierran forests are evaluated for 
their relative contribution to late-successional forest 
characteristics. In a fine-scale mosaic of forest structure, as is 
present in the Sierra, stands of different late-successional 
character grade into each other presenting a landscape-level 
pattern of late-successional characteristics (Franklin and Fites 
1996). 


Jurisdictional Extent and the Planning 
Process 


Virtually all Late-Successional Forest / Old Growth forest 
lands not on Federal Lands are under the jurisdiction of the 
California Department of Forestry and Fire Protection (CDF). 
LS/OG forests are not under CDF’s jurisdiction if they are (1) 
on federal land, (2) in state parks, (3) not used for commercial 
timber purposes, or (4) outside or have been removed from 
designated timber production zones (TPZ). 

Traditionally, timber plans have been filed as Timber 
Harvest Plans (THP) that describe the activities and probable 
effects of an individual harvest. The new state Sustained 
Yield Plan (SYP) program allows a Registered Practicing 
Forester (RPF) to file a ten year plan projecting forest 
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structure and outputs on a yearly basis. Individual timber 
harvest plans are still required for harvests, but much of the 
information they would have contained is required to be in the 
SYP. The SYP rules stipulate that once a private owner 
projects a timber structure over a ten year period the owner 
cannot deviate markedly from that structure (plus or minus 
10%) without amending the plan and regaining CDF 
approval. If a company projects a certain acreage of LS/OG 
forest in a watershed it must retain that much LS/OG forest 
over the ten year period. 

At this time, however, very few SYPs have been written 
or approved and every timber harvest continues to require an 
approved Timber Harvest Plan. 

The Forest Practice Rules described in this paper extend 
to all timber harvest plans. Not all operations are timber 
harvest plans, however. There is an exemption for salvage. 
Salvage cuts allow cutting of dead and dying trees. 
Technically, a salvage cut is not a plan, but an exemption 
from a plan. In a salvage cut no plan is required to be filed. 
Timber interests have tried using this mechanism where 
significant adverse impacts would almost certainly have been 
found had a plan been developed. A forester conducting a 
salvage harvest, however, still must comply with all other 
Forest Practice Rules. Ironically, after a THP is implemented 
habitat features protected in the plan, such as snags, are often 
removed using the salvage exemption. 


Allowable Activities and Restrictions 


The first key to assessing the allowable activities in a Late- 
Successional Forest / Old Growth forest is the determination 
of whether significant adverse impacts will occur as a result 
of a proposed action. When a timber harvest plan is filed the 
forester must disclose whether there will be any significant 
adverse impacts. If there will be significant effects the forester 
must take any feasible means possible to avoid, reduce or 
mitigate the impacts. These means can be required even if the 
measures are quite costly as long as the mitigation costs don’t 
exceed project revenue for more than three years in a row. 

In developing a timber harvest plan that will affect any 
LS/OG forest stands 20 acres or larger the forester must 
disclose significant amounts of information about the forest 
and related species habitats. First, the Forest Practice Rules 
require identification of key habitat features that may need 
additional protection when LS/OG habitat will be affected 
(§912.9, 932.9, 952.9 (h), technical rule addendum #2, section 
C, #4). Second, the RPF must submit information on whether 
the activity will change the structure from LS/OG structure to 
a lower WHR classification. Third, during plan development 
the RPF must review the California Natural Diversity Data 
Base (CNDDB) in order to determine whether there are any 
recorded observations of sensitive, threatened or endangered 
species that might be affected. A recent report to the Board of 
Forestry claims this database, which is maintained by the 
Department of Fish and Game, is inadequate to assess current 
population distributions (Wildlife/Science Committee Report 
to California Board of Forestry 1994). 

Once a plan is submitted to CDF it is forwarded to the 
California Department of Fish and Game (DFG) and the 


appropriate Regional Water Quality Control Board (RWQCB) 
for review. DFG, in its advisory role, advises whether 
significant adverse impacts will occur, are unavoidable given 
infeasible alternatives, or mitigation is sufficient. If CDF 
approves the plan over DFG’s dissent DFG can appeal the 
plan to the Board of Forestry. According to the Forest 
Practice Rules, long-term adverse effects on fish, wildlife and 
listed species known to be associated with late successional 
forests must be identified and mitigated ($919.16, 939.16, 
959.16 (b)). Under California Environmental Quality Act law, 
of which the Forest Practice Rules are considered an 
equivalent, a reviewing agency should not allow a plan to be 
approved if there are significant adverse impacts. As with 
CEQA, however, an open exemption for “overriding 
considerations” exists. 

According to several sources there is presently no 
defensible scientific method for determining when significant 
adverse effects will occur to non-listed species of plants and 
animals. To find that an adverse impact to a late-successional 
forest structure and its wildlife habitat will occur it must be 
found that an entire late-successional wildlife population will 
be affected. It is very difficult to analyze the effects on entire 
populations, particularly in areas with contiguous old growth 
forest. Currently there is little data on species distributions at 
a local level and even less information on individual 
populations in local areas. Species listed under the state or 
federal Endangered Species Acts have considerably more 
information collected on them, but non-listed species are very 
difficult to analyze. As a result it is very difficult to determine 
that a significant adverse impact will occur. 

The second key to LS/OG forests on non-federal lands 
has to do with changes in forest structure. As with any timber 
plan, cumulative effects must be analyzed. As long as a 
proposed THP does not lower the WHR ranking below five, 
however, the forester is not required to perform a separate 
cumulative effects analysis on late-successional forest 
characteristics. This means that since the harvest plan filing 
process (THP/SYP) is essentially a disclosure process, the 
forester may harvest late-successional forest timber as long as 
the WHR size rating does not drop below five and the acreage 
does not drop below minimum levels. Density, however, may 
be reduced. As a result, thinning or light cutting may occur in 
late successional areas without special analysis of the effects 
on the late-successional characteristics of the stand. 

The current late successional rule focuses on assessing 
the change in structure of a modified late-successional stand 
but the effects of changes in structure on wildlife habitat are 
not well established. As a result, the current forest rule may 
be inadequate to protect the ecological characteristics of late- 
successional forests. There is no scientific basis, for example, 
for such criteria as the eighty acre threshold and one-mile 
distance measure described below. 

Current law does nothing to encourage or require the 
creation of new late-successional / old growth forest. If timber 
owners do not have late-successional forests they do not have 
to create the stands. The only—and rare—exception is if 
mitigation measures are written in to a plan which require the 
owner to recruit more old growth due to cumulative effects on 
wildlife habitat. 
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Fragmentation of Late-Successional 
Forests 


Most cumulative impacts assessments of fragmentation of 
LS/OG stands and habitat are rooted in the Forest Practice 
Rules’ technical rule addendum #2 (§912.9, 932.9, 952.9 
section C, #4): 


Forests not previously harvested should be at least 80 
acres in size to maintain the effects of edge. This 
acreage is variable based on the degree of similarity 
in surrounding areas. The area should include a 
multi-layered canopy, two or more tree species with 
several large coniferous trees per acre (smaller 
subdominant trees may be either conifers or 
hardwoods), large conifer snags, and an abundance 
of large woody debris... [Emphasis added] 


Late seral habitat continuity: Projects containing 
areas meeting the definitions for late seral stage 
characteristics must be evaluated for late seral 
habitat continuity. The fragmentation and resultant 
isolation of late seral habitat types is one of the most 
significant factors influencing the sustainability of 
wildlife populations not adapted to edge 
environments. 


This fragmentation may be evaluated by estimating 
the amount of the on-site project and the biological 
assessment area occupied by late seral stands greater 
than 80 acres in size (considering the mitigating 
influence of adjacent and similar habitat, if 
applicable) and less than one mile apart or connected 
by a corridor of similar habitat. 


As previously noted, there are no specific scientific 
underpinnings for these criteria and little data on the actual 
effects of the fragmentation described. 

The Forest Practice Rules are intended to ensure that 
timber harvest activities will not have significant adverse 
impacts. If there are no known adverse impacts, the rules 
allow for harvests to proceed while meeting other conditions 
of law. Thus, the rules do not intentionally protect late- 
successional forests in an undisturbed condition. After 
disclosure of all relevant information the timber harvest plan 
filer can proceed with the proposed harvest of a late- 
successional stand if there are no adverse effects, such as 
when there is “adequate” habitat in contiguous areas. 

These rules may result in fragmentation of areas that have 
large, contiguous blocks of LS/OG forest stands. Such 
fragmentation may occur in areas where private lands and 
federal lands exist in a checkerboard arrangement. The private 
owners can contend that the adjacent federal lands provide 
sufficient habitat for species needs and that the remaining 
areas are large enough to prevent the negative effects of 
habitat fragmentation. 

In contrast, remote or isolated blocks of LS/OG which 
meet the acreage criteria described above are more difficult to 
harvest or fragment under CDF rules. Since there is no 
contiguous LS/OG habitat nearby, removal or fragmentation 


of the last parcels of LS/OG in a planning watershed would 
likely have significant adverse impacts. Thus, these isolated 
pieces of late-successional forest cannot be approved unless 
the harvest is small enough not to reduce WHR rank or 
significant mitigation measures have been developed. The 
legal protection of these isolated patches is based on little 
data, however, and it may be possible that they are 
ecologically far less important than large, continuous blocks 
of late-successional forest (see Franklin, et al. “Alternative 
Approaches” 1996). The net result is that significant 
fragmentation may occur in continuous blocks of LS/OG 
forest while smaller, isolated blocks remain more protected. 

Currently, no other regulations or incentives exist in the 
Forest Practice Rules to maintain roadless areas. With the 
exception of minimum-size late-successional forest blocks, 
roadless areas that do occur on private lands (see Franklin and 
Fites 1996) are incidental to the goals of the Forest Practice 
Rules. There are no special restrictions on roads, recreation, 
or activities in riparian areas. Details of allowed and 
restricted activities in late-successional forest stands are 
summarized in Table | in Section IIT. 


Current Policy Mechanisms that may be 
Important for Late-Successional Protection 
Strategies 


Classification as Sensitive Species 


Newly identified sensitive, threatened, or endangered species 
can be classified sensitive by the Board of Forestry for special 
consideration. When species are classified, they are evaluated 
for their susceptibility to fragmentation and other harvesting 
impacts. They will be classified if (1) the species requires 
timberland as habitat, (2) the population is in decline or 
threatened, and (3) timber harvesting may threaten population 
viability ($919.12, 939.12, 959.12). 


Unforeseen Circumstances in Timber Harvest Plan 
Review 


CDF does not have to approve a plan just because there is no 
current regulation against an activity or impact. If current 
Forest Practice Rules do not cover an issue or concern then 
CDF must go to the Board of Forestry for direction (Z’ Berg- 
Nejedly Forest Practice Act of 1973, $4555). This flexibility 
in the rules allows CDF and the Board of Forestry to develop 
new requirements or develop new mitigation measures if a 
previously-unanticipated adverse impact is predicted. 


Sensitive Watersheds 


A new, unproven, and potentially powerful tool for the 
protection of late-successional forests on non-federal lands is 
CDF’s “sensitive watershed” designation. Virtually anyone, 
from private citizen to government agency, can petition the 
Board of Forestry to designate a particular planning watershed 
as a sensitive watershed. The request must be supported by 
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substantial evidence of adverse impacts that would result from 
harvest activities. The Department of Fish and Game, 
however, which typically has the best expertise and 
information base to make these judgments, is not allowed to 
petition for sensitive watershed status since it is a reviewing 
agency. There is some speculation that this restriction on 
DFG may change since the Department, as a trustee agency, is 
responsible for conserving the public trust and should, 
therefore, have the role of petitioning directly. 

Approval of the request for sensitive watershed status and 
designation by the Board depend on watershed-specific values 
that might not be protected by current forest practice rules. 
The Board may determine that in order to achieve protection 
of certain watershed resources restrictions on allowable 
activity should extend to all commercial timberland owners in 
a watershed rather than being applied as mitigation measures 
each time a timber harvest plan in the watershed is 
considered. 


The Board, at a public hearing, shall determine 
whether nominated planning watersheds are 
“sensitive” to further timber operations. 
Classification of a watershed as “sensitive” must be 
supported by substantial evidence that a condition, or 
conditions exist(s) where further timber operations 
within the planning watershed will create a 
reasonable potential to cause, or contribute to 
ongoing, significant adverse cumulative 
effect(s)...and that mitigation of such significant 
cumulative effects requires the application of 
protection measures not required by the Forest 
Practice Rules. For all planning watersheds classified 
as “sensitive” the Board shall identify the specific 
resources which are sensitive to further timber 
operations and specific mitigation measures that will 
provide the necessary protection of the sensitive 
resource(s). 

(§916.8 Forest Practice Rules) 


The Board can preclude or significantly restrict logging or 
other timber-related activities in a watershed if they have 
significant adverse impacts. In essence there are no limits to 
the kind of protections that the Board can place on a 
watershed, as long as they are related to timber harvest 
activities. The role of sensitive watersheds and the protections 
they offer is already becoming an issue in coastal areas with 
Coho Salmon. Only one petition for sensitive watershed status 
had been filed by the end of 1995, however. It was sent back 
for additional information since it lacked adequate depth upon 
which to make a determination. Residential areas and wild 
and scenic river corridors could emerge as candidates for 
designation. 

Petitions may be filed seeking protective measures to 
individual planning watersheds or clusters of watersheds. In 
the future, declaration of new beneficial uses of water may 
lead to more petitions for sensitive watersheds. Murrelets, 
fishers, spotted owls and other species and resources may, as 
well, provide grounds for the designation of sensitive 
watersheds. 


Ill: GOALS AND REQUIREMENTS AFFECTING 


BIODIVERSITY 


General Trends in Jurisdictions and 
Regulation: Implementation and Efficacy 


The goals and requirements discussed in this section and the 
rest of this paper on current policies affecting biodiversity are 
in various states of successful and unsuccessful 
implementation. Yet any discussion of goals to protect 
biodiversity must be considered in the context of their 
efficacy. 

First, protecting various forms of biodiversity often is not 
a primary goal of the agencies discussed in this report. The 
goal of the California Department of Forestry and Fire 
Protection (CDF), for example, is to provide a sustainable 
flow of timber while sustaining relatively intact and 
functional ecosystems: biodiversity protection is the by- 
product rather than the objective. The same focus on 
biodiversity enhancement as secondary is true of the Regional 
Water Quality Control Boards. Even the Department of Fish 
and Game, the trustee agency for native biota in the state, is 
not charged simply with the goal of maintaining or enhancing 
the levels of biodiversity, but is, instead, mandated to do so in 
the context of other societal concerns. In short, the goals of 
the state and of the agencies representing its interests is not to 
protect biodiversity, but to meet societal. In the process, a 
common secondary goal is to disrupt biodiversity as little as 
possible. 

Second, as one moves across the matrix in this section 
(table 1, below) from the broad and relatively uniform 
application of Forest Practice Rules (left column), to 
hardwood woodlands and rangelands, to range lands and 
settlement area (righthand columns), the laws and regulations 
become increasingly variable, localized and often vague. 
Implementation and follow-through are increasingly 
inconsistent as well. A recent report to the Board of Forestry 
states, 


The local ‘cultures’ (i.e., professional norms and 
modes of behavior) of agency field personnel and 
private interests may have a greater influence on the 
future condition of wildlife habitat than do Forest 
Practice Rules, and different resource management 

practices are applied in different parts of the State. 
(Wildlife/Science Committee Report to California 
Board of Forestry 1994) 


The report goes on to state that no comprehensive assessment 
of the implementation and success of current forest practice 
rules has been completed and notes that the task would 
require considerable research. In the Final Report of the 
Forest Practice Rules Assessment Team to the State Water 
Resources Control Board (1987) key findings included: 


e Documentation was commonly inadequate and/or lacking 
on natural resources which were potentially threatened by 
proposed operations; 
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e Explanations and justifications contained in THPs were 
usually not sufficient to allow reasonable evaluation of 
the adequacy of proposed protection measures; 

e Potential impacts of timber operations on beneficial uses 
of water were adequately recognized only fifty-four 
percent of the sites investigated; and 

e The best feasible protection measures were implemented 
at only fifty-eight percent of the sites investigated. 


While many positive findings about the process were also 
noted, the general lack of implementation of Best 
Management Practices and dearth of evaluations of key 
natural resources made it difficult to evaluate the success of 
the different goals and requirements of the Forest Practice 
Rules. Since the filing of this report in 1987, the Board of 
Forestry initiated a task-force approach to develop better rules 
for water and lake protection zones, erosion control, and roads 
and landings. Results of this more recent task force approach 
are unavailable, but in many interviews with individuals at 
other agencies, the authors learned this same pattern of 
questionable implementation and variation with local cultures 
persists. 

Moving beyond the scope of CDF and the Forest Practice 
Rules, determining the efficacy of biodiversity-related 
policies becomes even more difficult. With the less-regulated 
hardwood woodlands and rangelands, and the highly variable 
nature of local municipal regulations, a uniform assessment of 
policies and regulations would be extremely difficult. To 
further assess the efficacy of these variable policies would be 
an even more challenging task. 

Third, adequate information often is lacking about the 
biota at a site affected by a management activity. 
Assessments of the biological condition and presence of rare 
species are required but are based on little information. The 
California Natural Diversity Data Base (CNNDB), a source of 
information on the presence of rare, threatened and 
endangered species in the state is purported to be “much too 
small and often out of date” (Wildlife/Science Committee 
Report to California Board of Forestry 1994). Reviews of 
THPs may not have adequate information on which to truly 
evaluate the likely consequences of proposed actions. In 
addition, no specific training of RPFs to develop skills to 
recognize many important habitat features is required. The 
Wildlife/Science Committee Report to California Board of 
Forestry (1994) goes so far as to say that current efforts to 
assess cumulative effects on wildlife habitat are “intractable 
with the current rules, policies, and lack of emphasis on 
cumulative data collection.” 

The policies described in this paper must be treated at 
starting points. Each policy exists first as a goal. The actual 
implementation of that goal through adherence to the 
requirements remains less certain. The policies reported in 
Section III and the rest of this paper are varied in their success 
and states of implementation. While much is either not known 
about the success of implementation or what is known 
indicates that implementation is not always successful we still 
need to evaluate the degree of protection called for in existing 
laws and regulations. Secondly, assessments of the actual 
effects of policies, when discernible, which affect biodiversity 
in its various forms, are needed. 


Currently there are no range-wide policies for 
conservation or enhancement of biodiversity across all 
ownerships in the Sierra. The California Council on 
Biodiversity (formerly the Executive Council on Biodiversity) 
provides a framework for developing state-wide conservation 
but the Council is still in its formative stage and its ideas have 
not been fully developed. Further, the signatory agencies to 
the Council’s Memorandum of Understanding (MOU) have 
differing missions and degrees of commitment to the effort. 


Biodiversity Protection and Planning 
Across Large Areas with Multiple Owners 


Policies considered in this report can be characterized as 
being “intensive” or “extensive.” Intensive policies are those 
applied locally but not region-wide. Extensive policies 
extend across an entire jurisdiction and/or a large portion of 
the range. A riparian buffer requirement of the Forest Practice 
Rules, for example, is extensive since it applies to all lands 
under CDF’s jurisdiction in the SNEP study area. A state park 
policy, on the other hand, is intensive; park policies may have 
significant effects on biodiversity in the park unit, but the 
effects are largely limited to that local area. In this report, 
with the scale of analysis being an entire mountain range, we 
have chosen to focus on extensive policies since they have the 
greatest impact on the range as a whole. Intensive policies, 
however, can contribute significantly in aggregate to the 
overall protection of biodiversity. 

Intensive protection polices are locally important and can 
take many forms. A number of agencies, jurisdictions and 
efforts exist which can affect aquatic and terrestrial 
biodiversity locally: 


e Coordinated Resource Management Programs (CRMP): a 
collaborative public/private project planning and 
implementation process; 

County and municipal open space programs; 

Heritage Tree Programs (for individual trees); 

County General Plans with a “Biological Diversity” 
component: Some counties, such as Tuolumne County, 
have Significant Ecological Areas (SEA) or their 
equivalent; and 

e Non-governmental organizations (NGOs) may purchase 
title or easements to lands for conservation purposes. 


It should be noted, however, the effects of these programs 
and opportunities are uncertain. The Policy Implementation 
Planning (PIP) Team of the California Spotted Owl 
Assessment’s (1994) report concluded: 


At the present, few legal or administrative devices 
promote planning for ecosystem conservation across 
jurisdictions. In fact, there are no effective means of 
enforcing the regional planning initiatives that do 
exist. Further, the lack of a common state-wide 
biological database, hampers effective local and 
multi-jurisdictional planning. 
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A recent, highly-touted policy approach, which can be 
considered either extensive or intensive depending upon its 
scale of application, is Natural Community Conservation 
Planning (NCCP). This state policy is designed to promote 
multi-species and multi-habitat conservation planning on a 
county-wide or regional basis. It was developed in response 
to controversy over the proposed state-listing of the California 
gnatcatcher. In this planning process all interested parties 
cooperate—across jurisdictions—to conserve threatened 
natural communities. This process requires developing 
conservation plans to maintain viable populations of 
California’s native animal and plant species and their habitats 
in landscape units large enough to ensure their continued 
existence while retaining maximum local discretion to plan 
and authorize urban development. The idea is being 
implemented in the south coastal sage scrub habitat of the 
gnatcatcher, and though unproven, has been endorsed by the 
Secretary of the Interior. It may be a useful mechanism for 
protection of biodiversity where entire systems are in decline 
such as in the Sierran foothills. 


A Summary Of Key Protections Of 
Biodiversity 


In summary, the strongest policies currently influencing the 
conservation of biodiversity across all landtypes in the Sierra 
are the (1) limitations on projects with significant adverse 
impacts, (2) Regional Water Quality Control Boards’ Basin 
Plans and designated beneficial uses of water, (3) State and 
Federal Endangered Species Acts. At a more local level city 
and county ordinances and General Plans may have major 
influences. 

Among the most promising but unproven opportunities 
for conservation planning across multiple ownerships are (1) 
the declaration of sensitive watersheds under CDF’s 
jurisdiction, (2) Natural Community Conservation Planning 
(NCCP) efforts, and (3) future efforts of the California 
Council on Biodiversity. 


Notes On The Matrix (Table 1) In This 
Report 


Information obtained for this report is summarized in table 1, 
below. This table is divided into four sections (in rows) with 
five different land types (in columns). The table begins with 


“Part I: Broadly Applicable Provisions.” All the rules and 
protections in this section apply to each of the next three 
sections: Part Il: Aquatic and Riparian, Part III: Uplands, 
and Part IV: Late-Successional / Old-Growth. Each of these 
sections has environmental protections unique to this 
particular land type. At the end of table, the linchpin rules and 
protections that may most concern the Sierra Nevada 
Ecosystem Project are briefly summarized. 

The Forest Practice Rules administered by CDF are 
investigated and reported in Table | in much greater detail 
than are regulations for the other land types. There are several 
reasons for focused coverage. First, CDF has the most 
extensive, consistent, protective and explicit prescriptions so 
its regulations have significant effects on the condition of 
Sierran ecosystems. Second, the specific foci herein are due to 
particular interests of SNEP, such as late-successional forests, 
road density and riparian rules. For these reasons, the CDF 
jurisdiction receives the most attention. 

In the matrix there are numerous references to state code, 
especially the California Forest Practice Rules. These rules 
apply to different forest districts in the state. California is 
divided into three forest districts, including two in the Sierra. 
The Northern District and the Southern District divide the 
Sierra between Placer and El Dorado Counties. Lake Tahoe 
Basin is in the Southern District. Each district has its own set 
of regulations. Quite often, however, the regulations for all 
three districts will be the same. In this case the code in the 
table below is referenced first for the Coast district, second 
for the Northern District and lastly, for the Southern District. 
For example, “$919.2, 939.2, 959.2” is placed before code 
referring to all three zones. Although it is clearly not of 
interest to a Sierran analysis, the Coast District code numbers 
are included in this document since they represent the primary 
reference number under which the code is listed in the Forest 
Practice Rules. The table may list only the first section 
number with “++” signs following (for example, §919.2++). 
These plus signs indicate that the code is valid not only on the 
coast but also in the two districts that divide the Sierra. 

Finally, areas shaded in gray indicate “Not Applicable.” 
For example, it would be pointless to discuss Late 
Successional / Old Growth rules and protections in 
rangelands. “No specific requirements” generally indicates 
that this category of biodiversity-affecting policy is not 
addressed at the jurisdictional level specified. For example, 
very little may be said about allowable road densities in 
hardwood woodland areas. Rows that extend across several 
columns or the entire width of the table indicate policies that 
apply to all jurisdictions. 
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Table 1: 


Biodiversity Protection Matrix: Strategies and Rules 


Forests under jurisdiction of CDF/FPR_ [Forests not under CDF | Hardwood Woodlands 


Source of information 


(for full listings see 
“References and 
Resources” at the end 
of the paper) 


Where are these lands 
located and what 
is their extent? 


Jurisdictional extent 
and relationship to 
other agencies and 
laws 


California Forest Practice Rules, June 1994; 
Z’berg-Nejedly Forest Practice Act; Robert 
Heald (California State Board of Forestry); Pete 
Caffereta (CDF); Russ Henly (CDF); Jim Steele 
(California Department of Fish and Game); 
Central Valley and Lahontan Regional Water 
Quality Control Board Basin Plans, Fred Blatt 
and Tom Suk (Lahontan Regional Water Quality 
Control District), Sue Yee (Central Valley 
Regional Water Quality Control District); Marty 
Berbach (CDF); Mike Chapel (USFS); Final 
Report of the Forest Practice Rules Assessment 
Team to the State Water Resources Control 
Board (1987); Doug Leisz (forestry consultant); 
Management Agency Agreement Between The 
Water Resources Control Board, the Board of 
Forestry, and the Department of Forestry and 
Fire Protection, State of California (1988) 


In the Sierra, non-federal lands under CDF’s 
jurisdiction are generally in the lower and mid- 
elevation range of the Sierra, more on the West 
than the East and more in the North than the 
South. These lands are often intermixed with 
Forest Service and BLM lands. Where federal 
agencies have rights of way across private forest 
lands CDF has jurisdiction. 


CDF has jurisdiction over virtually all 
timberlands in the state on non-federal lands that 
are located in timber production zones (TPZ). In 
the Z’ Berg-Nejedly Forest Practice Act of 1973, 
timberland is defined as land that is “available 
for, and capable of, growing a crop of trees of 
any commercial species used to produce lumber 
and other forest products, including Christmas 
trees” (§4526). 


California Forest Practice 
Rules, June 1994; 

Z’ berg-Nejedly Forest 
Practice Act; Robert 
Heald (California State 
Board of Forestry); Pete 
Caffereta (CDF); Russ 
Henly (CDF); Fred Blatt 
(Lahontan Regional 
Water Quality Control 
District), Sue Yee 
(Central Valley Regional 
Water Quality Control 
District); Marty Berbach 
(CDF); Mike Chapel 
(USFS) 


Where these lands do 
occur they generally are 
in urbanized areas where 
lots are small. Any 
forested land 
geographically in a 
timber production zone 
(TPZ) that has been 
removed from that zone 
is outside CDF’s 
coverage. State Parks are 
exempt from CDF 
jurisdiction. 

Few forested lands fall 
outside CDF’s 
jurisdiction. Forest land 
may be converted if a 
permit to convert is 
approved by CDF and the 
County but these lands 
are no longer 
timberlands. Non- 
industrial forest 


Bob Motroni (CDF), Rick 
Standiford (UC Berkeley 
Extension), Tim Duane (UC 
Berkeley), California’s 
Forests and Rangelands, 
Mariposa County Voluntary 
Oak-Woodland 
Management Guidelines 
Draft Resolution, Integrated 
Hardwood Range 
Management Program: 
Sixth Progress Report and 
Fifth Progress Report, 
Regional Water Quality 
Plans, Fred Blatt (Lahontan 
Regional Water Quality 
Control District), Sue Yee 
(Central Valley Regional 
Water Quality Control 
District) 

Hardwood woodlands are 
primarily on the Western 
side of the Sierra at lower 
elevations. Virtually all 
hardwood woodlands are 
private. 


CDF has “made it clear the 
Board has both the 
authority and responsibility 
to protect hardwood 
resources on private lands.” 
(California’s Forests and 
Rangelands, p. 153). But 
the Board of Forestry has 
worked with the livestock 
industry and counties to get 


Tom Randolph (CDF, 
with Range Management 
Advisory Board), Bob 
Motroni (CDF), Rick 
Standiford (UC Berkeley 
Extension), Tim Duane 
(UC Berkeley), 
California’s Forests and 
Rangelands, Regional 
Water Quality Plans, Fred 
Blatt (Lahontan Regional 
Water Quality Control 
District), Sue Yee (Central 
Valley Regional Water 
Quality Control District 


Non-federal, non-forested 
rangelands are found in 
alpine and mid-elevation 
meadows (particularly in 
the Northern Sierra), and 
in lower elevational 
grasslands. These lands 
are more common on the 
West side of the Sierra 
than the East. 


Counties have developed 
Hardwood and Range 
Management Voluntary 
Guidelines for 
implementing Best 
Management Practices 
(see column to left). 


Human Settlements 
Tim Duane (UC 
Berkeley), Robert Heald 
(Cal. State Board of 
Forestry) , Regional Water 
Quality Plans, Tom Suk 
and Fred Blatt (Lahontan 
Regional Water Quality 
Control District), Sue Yee 
(Central Valley Regional 
Water Quality Control 
District 


Settlement areas are 
scattered throughout the 
Sierra but are particularly 
dense around Lake Tahoe, 
along trans-Sierran 
highway corridors, and 
throughout the western 
foothills. 


Counties and 
municipalities each have 
jurisdiction at the local 
level. 
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(continued) To be under CDF’s jurisdiction, forested landowners (<2500 acres | local jurisdictions to control 
land first has to be used for a commercial and no clear cuts) are not | environmental effects on 
purpose. Firewood and wood for one’s own exempt from CDF the private lands. 
house are not considered commercial uses. Trees | regulations. There used Compliance comes 
considered commercial species are listed in the to be a provision that primarily through 
Forest Practice Rules foreach TPZ. — Non- owners with less than 3 educational programs 
industrial forest landowners—those with less acres were exempt but coordinated by the U. of 
than 500 acres and no clear cuts— are not this rule was struck down | California’s Integrated 
exempt from CDF regulations although they do by the courts. Hardwood and Range 
not have to file the same kind of timber harvest Areas around Management Program 
plans. dwellings are treated for (IHRMP). Secondly, 
Salvage harvests are ministerial in nature fuel reduction are exempt | counties are encouraged to 
and still must comply with forest practice rules. from CDF’s jurisdiction develop voluntary 
No plan is required to be filed but the forester even if the species are environmental regulations. 
must comply with all Forest Practice Rules. commercial and the These do not require 
The Forest Practice Rules invoke other laws | wood has a commercial approval by CDF The idea 
and regulations: use. has been to encourage 
* state and federal Endangered Species Acts voluntary adoption of best 
¢ state and federal water quality laws. management practices 
The Department of Fish and Game (DFG) (BMP) with the use of 
and the Regional Water Quality Control Boards education and the 
(RWQCB) review timber harvest plans background threat of 
submitted to CDF. These agencies comment on regulation if BMPs aren’t 
any significant adverse impacts. followed and environmental 
The Regional Water Quality Control Boards conditions decline. 
have jurisdiction over all lands in the state. On Tehama County was 
federal lands implementation and monitoring one of the first to put 
responsibility has been assigned to the federal voluntary guidelines 
agencies through Management Agency together. Other counties 
Agreements (MAA). have followed suit. Some 


people feel that the rules are 
probably fairly consistent 
between counties while 
others say they vary widely. 
CDF’s remaining role 

is that of fire protection. 

The Department of Fish and Game (DFG) and the Regional Water Quality Control Boards (RWQCB) review plans submitted to CDF. These agencies comment on any 

significant adverse impacts. 

1. Federal and state Endangered Species protections extend to all landowners considered here. 

2. Water pollution laws apply to all jurisdictions (§1600, §5650 of California Fish and Game Code). 

3. | The Regional Water Quality Control Boards have jurisdiction over all lands in the state. 
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Part I: Broadly 
applicable 
Provisions 


Notes on timber 
plans/activities 


Special Protections 
and Rules 


forest structure/ 
composition 


Timber Harvest Plans (THP) are the primary 
methods of filing plans to harvest timber 
commercially. Sustained Yield Plans (SYP), may 
also be filed, which reduce the amount of 
information required in each THP. While SYPs 
have been submitted, none yet has been 
approved. 

Mitigation measures are written as an 
enforceable standard. They are required as long 
as the cost of mitigation does not make the 
project go in the red for 3 consecutive years. 
CDF performs pre-harvest and completion 
inspections. 

Many plans are sent back for more 
mitigation measures prior to their acceptance for 
filing with CDF: 25-40%, depending on the 
forest district, are returned as inadequate for 
submission. They go back for additional 
mitigation measures. Once the plans are 
administratively complete and accepted for filing 
most are approved. 

All plans and mitigation measures may be 
reviewed by Fish and Game and RWQCBs, as 
well as Mines and Geology. CDF can ask other 
agencies to review plans as well. 

Specific structure requirements do not exist. For 
example, there is no requirement that a 
watershed must have a certain percentage of late- 
successional forest. 

There are specific structure requirements in 
the riparian zone (see below). 

Additional points: 

1. General biodiversity emphases: 


e Local seeds from state-specified seed zones 
must be used 


e No high grading is allowed. Forest practices 
for natural regeneration require retaining 
good seed trees in any situation requiring 
natural regeneration 


e —Replanting has to retain a certain mix of 
species native to the site. The forester can’t 
markedly increase the number of trees of a 
non-indigenous species out of its range— 
such as Giant sequoia 


As long as timber cutting 
is for personal use there 
is no authority from 
CDF. Firewood cutting 
and logging for building 
one’s home are allowed. 
Any activity such as 
bartering with firewood, 
that has any commercial 
aspect, puts land 
activities under CDF’s 
domain—assuming the 
second provision is met, 
that is that the tree 
species are in their 
natural ranges. 

Areas around 
dwellings are treated for 
fuel reduction are exempt 
from CDF’s jurisdiction 
even if the species are 
commercial and the 
wood has a commercial 
use. 


No regulations unless 
specified at municipal or 
county level 


Hardwood woodlands are 
currently under the auspices 
of county and municipal 
jurisdictions. Many 
counties are adopting 
voluntary guidelines to 
encourage Best 
Management Practices 
(BMPs). 

Most guidelines are 
qualitative rather than 
quantitative 


An example of the kind of 

voluntary guidelines 

described above. These 

vary widely by county: 

e retain heritage size 
oaks of all species 

e retain representative 
composition 

e remove trees that are a 
fire hazard and reduce 
density to 15-30% near 
structures and fire 


breaks 

e retain dead trees for 
wildlife habitat 

e plan for replacement 
trees 


Human Settlements 
See column II, forested 
lands not under CDF’s 
jurisdiction. Even within 
city boundaries, however, 
a commercial timber 
activity falls under CDF’s 
authority. 

Under the Heritage 
Tree Program, large trees 
of historical significance 
are protected. 

Criteria vary by 
Jurisdiction. For example, 
heritage tree programs 
may be different in a city 
and the county it is in. 


No structural requirements 
unless in place at local 
level. Individual trees may 
be protected under 
Heritage Tree programs. 
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eaaaaeas 


roads 


Wolf trees and snags are seen by DFG as 
important components of forests that are not 
protected by CDF. “The current rules do not 
systematically provide for recruitment and 
retention of these components in ways that 
are tied to conserving individual or groups 
of wildlife species,” (Wildlife/Science 
Committee Report to California Board of 
Forestry (1994)). Snags that are written into 

a timber harvest plan as mitigation measures 

may later be removed as part of a salvage 

cut without review by CDF. 

If a SYP is developed and long-range forest 

structure is projected the owner must adhere 

to that plan or subsequent THPs will not be 
accepted by CDF. In an SYP plan the owner 
must depict WHR types at 10 year intervals. 

The owner can’t markedly deviate from the 

expected structure without filing revisions. 

This projection requirement isn’t true of 

THPs or other plans. 

Road regulations in the Forest Practice Rules are 
complex. Specific questions should refer to 
Appendix II of this report and the Forest Practice 
Rules. In general, see Article 12 of Forest 
Practice Rules ( §923++ ). 

Road regulations are primarily erosion 
control regulations. They do not attempt to deal 
with habitat fragmentation and biological 
invasions. As a result there are no rules on road 
densities although cumulative effects analysis 
might prohibit road densities too high. 

Roads must be built to minimize damage to 
soil and wildlife habitat and prevent degradation 
of the quality and beneficial uses of water. Roads 
are classified as permanent, temporary or 
seasonal (§923.1++). Foresters must: 


e¢ use existing roads whenever possible 

e layout roads to minimize total mileage 

e avoid routes near bottoms of steep canyons 
¢ minimize stream crossings 


e locate roads on flat areas/benches when 
possible 

* maintain drainage structures 1-3 years after 
plan completion 


No restrictions unless 
sediment discharge 
exceeds water quality 
standards for the water 
body or impede 
downstream beneficial 
uses. 


leave clumps of 
natural, undisturbed 
vegetation. 

cluster development to 


protected wildlife 
habitat. 


Generally there are no rules | Generally no rules on road densities and crossings. The 


on road densities and only major controls are beneficial uses as defined for the 
crossings. The only major water body. In some cases there are limits to activity 
controls are avoiding injury | within the floodplain and permits are needed for 

to downstream beneficial activities. 


uses as defined for the 
water body. In some cases, 
such as water bodies with 
zero discharge regulations, 
there are limits to activity 
within the floodplain and 
permits are needed for road 
building. 


Voluntary guidelines, 


which vary widely by 
county, may require 
interests to: 


limit heavy equipment 
in root zone (1.5x 
crown width) 

avoid root cutting 
during road building 


not use machinery on 
slopes exceeding 30% 
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ERE Extra protection must be given where divert water to prevent 
slopes are over 65% or where slopes are over erosion 
50% and the road is within 100 feet of a WLPZ 
(Water and Lake Protection Zone) (§923.1++) 
New roads shouldn’t go over 15% steepness 
except for short pitches of less than 500 feet 


e minimize soil 
disturbance 
e install culverts where 


($923. 1(e)++) needed 
Roads should be single lane and well e¢ rock major dry gulch 
drained. Roads should stay out of WLPZ unless Crossings 


The California Fish and Gane Code states: 
plans must be submitted to the department if they will divert, obstruct or change the natural flow or the bed, channel, or bank of any waterway if fish or wildlife use that 
water; or if the activity occurs in a waterbody designated by F&G; or if any debris will be discharged where it can pass into a waterbody designated by the department 
($1601). It is unlawful for any person to commence any activity affected by this section until the department has found it will not substantially adversely affect an 
existing fish or wildlife resource or until the department’s proposals, or the decisions of a panel of arbitrators have been incorporated into such projects ($1603). 
recreation use and | Information must be collected and reported on No specific requirements unless determined locally. 
impacts recreation activity but there are no requirements 
(Technical Rule Addendum #2, Forest Practice 
The use of water for recreation is a beneficial use of water (§1243 California Water Code). RWQCB Basin Plans do discuss recreational impacts, although no specific 
restrictions are described. 


development Development would require an application to Restricted only by county | Examples of the kind of Restricted only by county and municipal regulations and 
convert forest land to a non-forest use thereby and municipal voluntary guidelines that limited by downstream beneficial uses. 
removing it from the Timber Production Zone regulations and limited vary widely by county 
(TPZ). Such actions would have to be approved by downstream beneficial | include the request to: 
by the county and CDF. uses. e plan for replacement 
trees 


e cluster development to 


RWQCB Basin Plans discuss land development as it affects water quality. Building and road construction, and maintenance may need to be permitted. 


grazing impacts Trees in meadows and wet areas may be clear Restricted only by county | Voluntary guidelines may Restricted only by county and municipal regulations 
cut and are exempted from stocking to attain or and municipal include the request to 
retain these areas for wildlife and livestock regulations provide soil protection and 
($939.15, 959.15(b)). maintain forage on 
rangeland by following 
“Residual Dry Matter 


(RDM)” standards for 

ee a ee 
The Rangeland Water Quality Management Plan is currently under review by the Regional Water Quality Control 
Boards and may be adopted. It suggests a number of Best Management Practices that must be approved by the 


RWOCBs. 


mining impacts Not covered in this paper 
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wildlife, including For a timber harvest plan, the Registered Conservation and open Voluntary guidelines may Conservation and open space elements of County 
birds Professional Forester (RPF) must contact space elements of County | include requests to General Plans usually address state or federally listed 
neighbors, and search the natural diversity General Plans usually ¢ maintain diversity of species under the Endangered Species Acts. 
database (CNNDB). Such efforts may include address state or federally species 
identifying species of concern for State Fish and | listed species under the © — develop scattered 
Game. Endangered Species openings and 
General regulations: A timber harvest plan | Acts. undisturbed patches 
can be rejected if a federally or state listed ; : 
threatened or endangered animal or plant species aa thermalcoven tt 
is adversely affected ($898.2). TL pare LONE 
Nest sites—there is general protection of * — retain scattered dead 
nest sites ($919.2, 939.2, 959.2) and of listed trees for habitat 
(state/federal) or sensitive (CDF) species. e provide escape from 
Buffers are described for Golden and bald predators 
eagles, peregrines, osprey, Northern Goshawks, e retain scattered large 
Great blue herons, and great egrets. down logs 


Non-listed species also are protected. 
($919.5, 939.5, 959.5). When significant adverse 
impacts occur, practices are supposed to be 
implemented to reduce impacts. : 

Sensitive species (p. 8, 919.12, 939.12, nee: 
959.12 on 76): If there is a concern about a 
species then BOF may start a review of the 
species for classification as a CDF sensitive 
species. When species classified, they are 
evaluated for their susceptibility to 
fragmentation and other effects of harvest. The 
species will be classified if it meets all of the 
following requirements: 1) it requires timberland 
as habitat, 2) the population is threatened or in 
decline and, 3) timber harvesting may threaten 
population viability. 

Wolf trees and snags seen as important 
components of forests by DFG are sometimes 
not protected by CDF. “The current rules do not 
systematically provide for recruitment and 
retention of these components in ways that are 
tied to conserving individual or groups of 
wildlife species,” (Wildlife/Science Committee 
Report to California Board of Forestry (1994)). 


e provide scattered brush 
piles 
e retain hollow logs for 


Policy for the Department 
of Fish and Game states it 
“shall oppose the issuance 
of permits or licenses, the 
authorization of plans or 
programs, and the 
appropriation of funds 
which it determines will 
result in the removal of 
hardwoods in a manner 
which will result in 
significant adverse 
impact(s) to fish and/or 
wildlife resources and for 
which mitigation and 
compensation measures are 
judged to be inadequate 
(Fish and Game Code, 
Addenda, p. 601) 
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First, DFG has the authority to set bag limits, including a zero bag limit for certain species. Disturbing nesting habitat constitutes a taking which violates the zero bag 
limit. 


Second, landowners must comply with CEQA and its prescriptions against causing significant adverse impacts. 

Third, species protected under state and federal Endangered Species Acts but there are no special restrictions, monitoring or protection by DFG. 

Fourth, the Cal. Endangered Species Act states, 

Agencies must consult with DFG when an action may destroy or adversely impact habitat critical to a T/E species (§2090 Fish and Game Code); 

If jeopardy is found DFG must suggest to the state lead agency “reasonable and prudent alternatives” (§2091 Fish and Game Code) 

If jeopardy is found the lead agency “shall require reasonable and prudent alternatives...” However, overriding economic, social or other conditions may make 


infeasible the alternatives then the project can be allowed if as must mitigation as possible is required, benefits clearly outweigh costs, and extinction is unlikely 
(§2092 Fish and Game Code) 


treatment of Seed stock must come from inside seed zone. Subject to city and county planning. Generally there are no specific requirements 
exotics Composition can not dramatically change. 


rare or endangered | Plans “shall not be restricted by this chapter because of the presence of rare or endangered plants” (Fish and Game Code §1900-1913). If the DFG tells an owner that 
vegetation rare or endangered plant is on his/her property the owner must notify the DFG before changing the land use. 


pollution Zero discharge is allowed into the streams. See No activity can injure downstream beneficial uses. Permits are required by RWQCBs for point-source pollutants. 
prevention the details below in the aquatic/riparian section, 
part II, below. 


unforeseen 1. 
impacts 


Definitions 


If current rules don’t cover an Individual counties and municipalities may have modes of dealing with unexpected occurrences. 
issue/concern then CDF must go to the 
Board of Forestry for direction. CDF does 
not have to approve a plan just because 
there is no regulation against an activity or 
impact. 

Sensitive watersheds: sensitive watershed 
designations can be requested for a 
watershed by anyone, regardless of 
ownership. Special rules can be written for 
that particular watershed 


For a fuller description see Part I below or the 
Bec icial uses carmior be Rained a0 aay dine dias would injure downstream beneficial uses could create a problem and the landowner would have to mitigate the effect. 
in negotiation with the Regional Water Quality Control Board. New beneficial uses may be developed. 


For additional reference see Riparian 
Matrix in Appendix | of main text 


In Forest Practice Rules generally see Article 6, 
“Water Course and Lake Protection” (§916 ++) 


le key principles summary: 


RWQCBs have jurisdiction on all lands in the state (see Section I of main text); 

RWQCBs focus on waterbody-specific beneficial uses which can include biological resources such as wildlife and freshwater and anadromous fish; 
There are key difference between permitted uses and non-permitted uses in terms of requirements for compliance; 

There are RWQCB protections of temperature, flow, and sedimentation; 

Wetlands protections are not prescriptive but follow “avoid, minimize, mitigate” hierarchy. 
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distance buffer 
extends from 
stream 


kinds of streams 


kinds of effects 
and areas of 
concern 


Watercourse and Lake Protection Zones (WLPZ) 
are to be established when timber harvest plans 
are developed. The size of these buffers depends 
upon slope, stream class, and sensitive stream 
conditions (§916.4++). Additionally, the method 
of yarding may reduce the buffer width: for 
complete table and references see the Forest 
Practice Rules (§916.5). 

CDF makes site-inspections on 200 ft. 
segments of watercourses/lakes (§916.4,b,2++) 

Buffer widths for ground based skidding (in 
feet): see table 4 in main text. 

In the table above stream classes do not correlate 
explicitly to perennial or intermittent streams. 
Class I streams are almost always perennial, but 
class II streams may be either perennial or 
intermittent. Class III streams are intermittent or 
ephemeral. 

In terms of characteristics, class I streams 
are flowing with fish present at least part of year 
or are used as domestic water sources. Class II 
streams have invertebrates or other aquatic life, 
or are class III streams within 1000 feet of a 
class I stream. Class III streams have “no aquatic 
life” and class IV categorizes human-made 
diversions. 


Two major site-specific components are 
identified for protection: stream condition and 
vegetation structure. The following information 
is required to be gathered on the streams when 
cumulative effects analysis is performed. If 
significant adverse effects will occur with any of 
these conditions and or structures the plan is 
supposed to be rejected or modified. 

stream condition: class/order, gravel 
embeddeness, pool filling, aggrading, bank 
cutting, bank mass wasting, downcutting, 
scouring, debris jamming, canopy reduction, 
recent flooding, changes in peak flows 
(Cumulative Impacts Guidelines (1994)). 

Vegetation structural diversity: vertical 
diversity, migration corridors, nesting habitat, 
food abundance, snags, surface cover (§916.4) 

A third major consideration is not site- 
specific: downstream beneficial uses, including 
designated fish and wildlife. These are described 
below. 


Subject to county and municipal regulations. Local buffer standards are highly variable ranging from 50 to 500 feet. 


Subject to county and municipal regulations. 


Downstream beneficial uses. See below. 
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Key values being 
protected 


Special Protections 
and Rules 


riparian forest 
structure/ 
composition 


Forest Practice Rules key on “beneficial uses” Beneficial uses. See below. 
($916, 936, 956 and see below). Water quality 
assessments often depend on downstream 
beneficial uses as defined in the RWQCB plans. 
Do beneficial uses ever constrain a timber 
harvest plan? Indirectly. The torrent salamander, 
tailed frog and some anadromous fish are 
declared beneficial uses in certain watersheds. 
Their presence has lead to the limitation of 
certain kinds of activities. This protection is 
primarily due to their threatened status, however, 
and not their declaration as beneficial uses. 
Domestic water supply beneficial uses 
might become more constraining (§916.10). 
Beneficial use changes linked to population 
growth could become a major factor in limiting 
The California Fish and Game Code states: 
plans must be submitted to the department if they will divert, obstruct or change the natural flow or the bed, channel, or bank of any waterway if fish or wildlife use that 
water; or if the activity occurs in a waterbody designated by F&G; or if any debris will be discharged where it can pass into a waterbody designated by the department 
(§1601) 
It is unlawful for any person to commence any activity affected by this section until the department has found it will not substantially adversely affect an existing 
fish or wildlife resource or until the department’s proposals, or the decisions of a panel of arbitrators have been incorporated into such projects (§ 1603). 
The Keene-Nielsen Fisheries Restoration Act of 1985 states that the protection and increase of naturally spawning fish (anadromous and other) is important. It 
promotes efforts to “double” salmon and steelhead resources (§2760--2765 ). 
The use of water for recreation and preservation and enhancement of wildlife resources is a beneficial use of water (§1243 California Water Code). 
Special protections are complex. They are briefly | No specific requirements unless mandated by county and local jurisdictions. 
summarized here but it is best to refer very 
specific questions to the lengthy description in 
the Forest Practice Rules (§916.5++) and 
Appendix III of this paper.. 
Within the WLPZ at least 75% surface 
cover and undisturbed area shall be retained 
undisturbed (§916.4++). Foresters are required 
to retain multi-story canopy for shading and 
other values (§916.5e “D”++) 
Where there is less than 50% canopy cover 
(50% of ground must be shaded) only sanitation 
logging is allowed unless specially excepted. 
(§916.3f++). 
The following is a applicable to class I 
(generally perennial) streams : “To protect water 
temperature, filter strip properties, upslope 
stability, and fish and wildlife values, at least 
50% of the overstory and 50% of the understory 
canopy covering the ground and adjacent waters 


20 


ADDENDUM 
Forests under jurisdiction of CDF/ FPR__|Forests not under CDF | Hardwood Woodlands Human Settlements 


(continued) shall be left in a well distributed multi-storied 
stand composed of a diversity of species similar 
to that found before the start of operations. The 
residual overstory canopy shall be composed of 
at least 25% of the exiting overstory conifers. 
Species composition may be adjusted consistent 
with the above standard to meet on-site 
conditions when agreed to in the THP by the 
RPF and the director.” Regulations for other 
stream classes ““H” and “T’ have similar 
restrictions. (§916.5, p. 58) 

Woody debris recruitment: foresters must 
retain two 16”+ trees 50’ tall/ acre within 50’ of 
Class I and II watercourses (§916.3g¢++). 

Trees in meadows and wet areas may be 
clear cut and are exempted from stocking to 
attain or retain these areas for wildlife and 
livestock (§939.15, 959.15(b)) 

Additional values considered: 


streambed and flow modification by large 
woody debris 


filtration of organic and inorganic material 


upslope stability 


vegetation structure diversity for fish and 
wildlife habitat including vertical diversity, 
migration corridors, nesting habitat, 
microclimate modification, snags and 
surface cover. (§916.5) 
excessive roading Complex regulations in Forest Practice Rules Subject to local jurisdictions. In some county and municipal plans there are grading ordinances for specific slopes 
cover road densities and crossings (see Appendix | and soil conditions. 
IID of the main text). 
In general, no roads, or landings can be 
built., except with prepared crossings and 
permission of CDF (§916.3c++). 
No heavy equipment is allowed in the 
WLPZ (Water and Lake Protection Zone) 
without justification (§916.4d++). 
Extra protection must exist where slopes are 
over 65% or where slopes are over 50% and the 
road is within 100 feet of a WLPZ (§923.1++) 
For more details see Appendix II in the 
main text on road regulations. 


recreation impacts | No specific requirements 
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grazing impacts Trees in meadows and wet areas may be clear 
cut and are exempted from stocking to attain or 
retain these areas for wildlife and livestock. 


Subject to county and 
local plans and 
ordinances. 


Subject to county and local plans and ordinances. Subject to county and 
Grazing impacts are considered in the new range local plans and 
management plan being reviewed and discussed above. ordinances. 
($939.15, 959.15(b)). 

BMPs signed between management 
agencies may create some standards for 
allowable activities. 

flow protections The Forest Practice Rules state that maintaining 
natural flow is important and should be 
considered when addressing cumulative impacts 
(§916.5++). When water is drawn out of streams 
to water roads the total amount drawn is limited 
($1600 Fish and Game Code) 


Regional Water Quality Control Board Basin plans have restrictions on the amount of change in flow that is allowable due to management activities. 


BMPs signed between management agencies may 
create some standards for allowable activities. 


See below 


barriers to fish In any timber harvest plan, the forester must See below. 
movement / water | identify existing and restorable beneficial uses 

diversions and (916.5a2++, p. 58). Salmon habitat that is 

isolated from salmon runs by a downstream dam 

is not considered a restorable use. Dams are 

considered permanent blockades. Diversions and 

culverts, however, are impermanent and habitat 


dams 


A private party seeking to take action requiring a discharge permit from the RWQCB might have to mitigate blockades to fish movement. Status as a restorable 
beneficial uses depends on the RWQCB’s review process with DFG. 
Wetlands In the Lahontan RWQCB Basin Plan there is a strong effort to protect wetlands. This effort takes the form of a three-tiered approach: avoid, minimize, mitigate. All 
Protection plans reviewed for a permit that propose activity in a wetland are scrutinized to see if there is any feasible alternative since a wetland intrusion is considered an 
significant adverse impact. A project may be allowed only after alternatives are explored. If significant adverse impacts occur, mitigation must be arranged. The Central 
Valley RWQCB has no such rule in its Basin Plan. 
The State Wetlands policy, which extends to all non-federal lands and all state jurisdictions has the following distinct goals: 
e¢ §=No net loss of wetlands; 
e Achieve long-term net gain in quantity, quality and permanence of wetlands; 
e Focus on maintaining economic uses while achieving voluntary participation of landowners; 
e Develop a standard definition for all regulation that will be compatible with federal definitions ; 
e Achieve wetlands conservation through landowner Incentives; 
e Create wetlands credits generated when new wetlands are developed that can be bought, sold and traded (Wilson 1993). 
ground Rules require protection of riparian vegetation See below Voluntary guidelines may See below 
disturbance and soils—but no quantitative limits are defined recommend minimizing the 
in the Forest Practice Rules (§916.3d++). disturbance, particularly in 
No heavy equipment is allowed in the riparian areas and around 
WLPZ without justification (§916.4d++). 


In the Tahoe Basin there are grading deadlines. Individuals cannot disturb more than three cubic yards of soil in fall and winter, regardless of the distance to streams. 
Additional requirements may require over-snow or helicopter logging on steep slopes of more than thirty percent. 


Forests under jurisdiction of CDF/ FPR |Forests not under CDF | Hardwood Woodlands 


riparian vegetation 


treatment of 
exotics 


pollution 
prevention 


unforeseen 
impacts 
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Human Settlements 
The Southern section of the Sierra has a special 
tule affecting riparian vegetation: “All non- 
commercial riparian vegetation found along 
streams and lakes and within meadows and wet 
areas shall be retained and protected insofar as 
practical” (§953.7). No explicit equivalent exists 
for the Northern zone of the Sierra although the 
riparian canopy cover requirements discussed 
above extend across the entire Sierra. 
Non-woody species not addressed. 
Tree species: 


Subject to county and local regulations. Typically there are no specific requirements. 


Subject to county and local regulations. Typically there are no specific requirements. 


e Local seeds from state-specified seed zones 
must be used 


e No high grading is allowed. Forest practices 
for natural regeneration require retaining 
good seed trees in any situation requiring 
natural regeneration 

e —_Replanting has to retain a certain mix of 
species native to the site. The operator can’t 
markedly increase the number of trees of a 
non-indigenous species out of its range— 
such i i 


ish and Game Code. 


Forest operations can’t put anything in the See below. 
water—no soil, bark, toxins, petroleum, slash or 
sawdust. If pollutants are accidentally placed 
there they must be removed (Forest Practice 
Rules §916.3++; Fish and Game Code §5150). 
Informal sources indicate that compliance with 
this rule is weak and this sentiment is 
corroborated: “Operational wastes and 
discharges were adequately controlled at 61% of 
the sites visited” (Final Report of the Forest 
Practice Rules Assessment Team to the State 
Water Resources Control Board 1987). 


1. Permits to discharge may not be awarded and some water bodies have zero discharge requirements in the Regional Water Quality Control Board Basin Plans. 
2. The State Fish and Game Code states that it is “unlawful to deposit in, permit to pass into, or place where it can pass into the waters of this state...any 
petroleum...refuse...sawdust...substance or material deleterious to fish, plant life, or bird life” (§5650). 

Numerous waterbody-specific requirements exist dealing with particular contaminants due to agricultural or urban uses. 

1. If current Forest Practice Rules don’t cover | No specific requirements | No specific requirements No specific requirements 
an issue/concern then CDF must go to the Board 

of Forestry for direction. CDF doesn’t have to 

approve a plan just because there is no regulation 


No specific requirements 


against an activity or impact. 
2. Sensitive watersheds possibility (see 
discussion in the Section II of the main text) 
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Forests under jurisdiction of CDF/ FPR _|Forests not under CDF | Hardwood Woodlands Human Settlements 


Sensitive Water- See discussion in the Section II of the main text 
shed protection 


Remaining area in planning watersheds upslope No specific requirements. 
of riparian buffers. 

There are no explicit constraints on uplands 
management activities although cumulative 


watershed effects analysis is required to cover 

entire watersheds for any timber harvest plan. 

ERA is an acceptable but not requisite method of 

evaluation. CWE may be assessed qualitatively. 

No specific requirements. See general provisions in Part I of the table. 


Virtually all Late-Successional Forest Lands not | No specific requirements 
in State Parks or Federal Lands are under the unless mandated by 
jurisdiction of CDF. See LS/OG discussion in county and municipal 
Section II of main text. Only details are ordinances. 
summarized here. 

definition Late Successional Forest Stands means stands of 
dominant and predominant trees that meet the 
criteria of WHR class 5M, 5D, or 6 with an 
open, moderate or dense canopy closure 
classification, often with multiple canopy layers, 
and are at least 20 acres in size. Functional 
characteristics of late succession forests include 
large, decadent trees, snags, and large down logs. 
(§895 Forest Practice Rules) 

Special Protections | LS/OG cumulative effects analysis not required No specific requirements 
forest structure / if the stand is not reduced below WHR rank 5. A | unless mandated by 
composition stand can be thinned without losing its county and municipal 

characterization at late-successional. ordinances. 

The area should include a multi-layered 
canopy, two or more tree species with several 
large coniferous trees per acre (smaller 
subdominant trees may be either conifers or 
hardwoods), large conifer snags, and an 
abundance of large woody debris... [Emphasis 
added] (§912.9, 932.9, 952.9) 

Late seral habitat continuity: Projects 
containing areas meeting the definitions for late 
seral stage characteristics must be evaluated for 
late seral habitat continuity. The fragmentation 
and resultant isolation of late seral habitat types 
is one of the most significant factors influencing 
the sustainability of wildlife not adapted to edge 
environments (§912.9, 932.9, 952.9). 
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Forests under jurisdiction of CDF/FPR_ |Forests not under CDF | Hardwood Woodlands Human Settlements 


(continued) This fragmentation may be evaluated by 
estimating the extent of the on-site project and 
the biological assessment area occupied by late 
seral stands greater than 80 acres in size 


(considering the mitigating influence of adjacent 
and similar habitat, if applicable) and less than 
one mile apart or connected by a corridor of 
similar habitat (§912.9, 932.9, 952.9). 


roads No specific requirements. No specific requirements. 


recreation No specific requirements. No specific requirements 


unless by county and 
municipal ordinances. 
development Forests not previously harvested should be at No specific requirements 
least 80 acres in size to maintain the effects of unless by county and 
edge. This acreage is variable based on the municipal ordinances. 
degree of similarity in surrounding areas. 
($912.9, 932.9, 952.9) [Emphasis added] 
grazing impacts No specific requirements. No specific requirements 
unless by county and 
municipal ordinances. 
wildlife, including Significant adverse impacts to wildlife must be No specific requirements 
birds avoided. See the longer textual summary in unless by county and 
Section II of the main text. municipal ordinances. 
treatment of No specific requirements. No specific requirements 
exotics unless by county and 
municipal ordinances. 
These lands typically fall 


Summary of key The strongest factors influencing the Few key protections exist other than voluntary guidelines. | Protection of biodiversity 


protections conservation of biodiversity are existing water under municipal rules This lack of strict regulation could change in future if is highly variable, 
quality and endangered species laws. and if not they are not voluntary compliance is found to be inadequate. questionably enforced and 
The most promising opportunity may well being used for often written in reference 
be the designation of sensitive watersheds which | commercial timber to regulations imposed 
may be created with any host of rules to limit purposes and are unlikely from higher jurisdictions. 


timber harvest-related activity to have extreme changes 


The strongest factors influencing the conservation of b 


e A plan can’t be approved if it has a significant adverse impact unless there are overriding considerations; 
e Beneficial uses of water, as defined for the location, affect allowable activities; and 


e Species protection under ESA and state endangered species act is strong. 
In addition to the Endangered Species Acts at the state and federal levels, the most promising opportunities for conservation across many jurisdictions may well be 
the unproven but promising, 


e Natural Community Conservation Planning (NCCP) policy 
e California Council on Biodiversity’s future efforts 
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APPENDIX |: COMPARISON OF GOALS AND 


REQUIREMENTS AFFECTING AQUATIC AND 
RIPARIAN RESOURCES IN DIFFERENT 
JURISDICTIONS 


SNEP’s charge is to suggest strategies that maintain the health 
and sustainability of Sierran ecosystems while meeting human 
needs. Toward that goal an aquatic and riparian strategy, 
described below, is considered by SNEP. In this paper this 
policy is considered the standard in for comparison purposes 
because SNEP has chosen to examine it and its consequences 
closely. This policy should be considered draft and subject to 
revision but represents a starting point for thinking about 
riparian systems. 


Thinking about aquatic and riparian 
ecological systems 


The riparian zone protection scheme SNEP is considering has 
been designed according to four principles: (1) a stream needs 
functional inputs to sustain its biological functions; (2) some 
plant and animal communities rely on the forest adjacent to 
streams; (3) streams are more affected by hillslope activities 
where the stream is smaller—for example, a headwaters 
aquatic system is small in relation to the zone that influences 
it so it has a larger influence area than does a larger section of 
the stream downstream; and (4) disturbance probability for in- 
stream effects increases with adjacent hillslope gradient, 
therefore buffer protection should increase accordingly (see 
Kondolf, et al. 1996; Kattelmann and Embury 1996; 
Menning, et al. 1996). 

The aquatic management protection scheme developed 
by D. C. Erman, N. Erman, L. Costick and S. Beckwitt (see 
Kondolf, et al. 1996, and Kattelmann and Embury 1996), has 
three spatial components. The first is a Community Influence 
Region. This region is the area in which plants, animals and 
other organisms that are dependent upon the area adjacent to 
the water live or spend time. Obligate species such as beavers 
and dippers, and transients , such as bats and predator 
mammals, are species for which this zone is critical. 

The second component is an Energy Influence Region. 
This area, which extends as far from the stream as the tallest 
tree (when tree cover is present), includes all the habitat 
necessary for the community influence region plus all the area 
that contributes energy and nutrients to the aquatic system. 
Recruitment of leaves and snags into the stream, for example, 
usually originate within the length of one tree height. Included 
in the functions of this zone are the recruitment of woody 
debris and shading canopies. 

These first two zones derive from different ways of 
thinking about ecosystems. The first is rooted in community 
ecology in which the organisms and their structure in 
biological communities is examined, and the second in 
ecosystem ecology—the study of flows of energy and 
materials between organisms and other components of the 
system. In this protection strategy both approaches are used. 


The third part of the system, the Land Use Influence 
Region, includes the area in which land use activity will 
influence stream conditions and the functioning of the 
community influence and energy influence regions. 
Influences include nutrients above baseline levels, increased 
sedimentation, and changed microclimate. Changes in flow 
and temperature are considered in the Energy Influence 
Region due to the filtering and buffering capacity of the near- 
stream area. The width of the Land Use Influence region 
varies according to the probability of disturbance to a stream 
as a function of bank slope and/or hazardous soil and geologic 
conditions. 

In this riparian protection scheme different levels of 
disturbance and tree removal could occur in each region. In 
the Community Influence region, for example, a strict limit on 
activity would exist—very little activity would be allowed 
and a mature forest generally would be established as the 
goal. The Energy Influence Region would have varying 
degrees of activity allowed including selective removal of 
canopy. Finally, the Land Use Influence Region would have 
more activity allowed in its domain. 

At the scale of the entire Sierra Nevada, SNEP does not 
have the capacity to determine the precise widths of each of 
these zones for every stretch of stream. Actual land 
management would require gathering additional site-specific 
information that could be used to determine these buffer 
distances. For these reasons, SNEP has organized these three 
ecological regions into two riparian management zones for 
SNEP’s modeling efforts. 


SNEP’s Adaptation of the three ecological 
regions into SNEP’s two riparian zones 


The aquatic and riparian system described above is being 
incorporated into the SNEP’s policy analysis in two tiers. An 
inner tier, called the “green” zone, merges the first two 
regions mentioned above—Community Influence and Energy 
Influence regions. The height of one tree is approximated by 
designating the width of this area as 150 feet on both sides of 
the stream. The outer tier, corresponding to the Land 
Influence Region, is represented in SNEP’s variable width 
“grey” zone. While the width of this outer tier actually 
depends on soils and slope information, the SNEP analysis is 
using only slope data since a complete soils coverage for the 
entire Sierra is not currently available (for complete 
description of how the width of this zone is determined 
Kondolf, et al. 1996; Kattelmann and Embury 1996; and 
Menning, et al. 1996). 

In the SNEP policy analyses, these goals and limits are 
expressed in two ways: (1) late-successional goals for the 
forest in each zone are set using the LS/OG rank system 
developed by Franklin and Fites (1996), and (2) disturbance 
limits based on the Equivalent Roaded Acres (ERA) approach 
for assessing watershed disturbance constrain road building 
and harvest-related management activities in the various 
management strategies (see Menning, Erman, Johnson and 
Sessions 1996). 


Objectives of the Aquatic and Riparian 
Protections Strategies Discussed by 
SNEP: 


Table 2: Riparian Objectives 
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The following two tables are intended to be used in 
conjunction with Table 1, the Biodiversity Protection 
Matrix in Section III above, which provides 
supporting details on policies. The grey and green 
zones mentioned in the tables derive from the two-tier 
Erman, et al. stream buffer system discussed above 
(see Menning, et al. 1996; Kondolf, et al. 1996; and 


Key to current policies in the table below (righthand 3 columns). Also, see description on previous page. 


goal does not currently exist 


ed | Don’t know 


Riparian (grey & green zone) Objectives 


In Moyle et al.’s goals this 
objective applies to... 


Inner green zone} Outer grey zone |} RWQCB Basin 


Kattelmann and Embury 1996). While the strategy 
here has been adapted from D. Erman, et al., the goals, 
which are shown as criteria in the lefthand columns, 
derive from P. Moyle (see Moyle, et al. 1996). This 
strategy should be considered tentative but represents 
one approach to thinking about riparian systems and 
their protection. 


goal exists in current policy and requirements are comparable to the Erman, et al. riparian protection strategies 
|__| +. | goal exists but requirements are less likely than the Erman, et al. strategy to achieve the goal 
|_| ~ | goal exists but requirements are voluntary or indefinite 


Current policy on non-federal lands: Protection 
goals and requirements exist via... 


? Maintain and enhance in-stream, lake, wetland habitat structure (vegetative 


! and geomorphological structure) 


aintain natural temperature regimes in streams 


? Provide continuous habitat for riparian-dependent and associate native plants ; 


d animals 


Maintain near stream microclimate 


CDF / Forest DFG/F&G 
Plans | Practice Rules | Code 
~ wetland 
conned protection | 
+ beneficial 
DSSS Perr PPP rTP cs cop coresovoe noe Se pesseeorei 
X 
~viainformal : + 
cooperation 
w/ DFG CEEEEEEEEEEEEEEE EEE EE EEE EEE eee ee eee eee teeter etter eee eee eee eee 
»4 + in southern ae 
ea district, cea 


~ limited, but: + strong limits 
not to natural : on inputs to 
levels streams 


X ~ Xx 
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Table 3: Aquatic Environment Objectives 


Refer to the key with Table 2. 


In Moyle et al.’s goals this Current policy on non-federal lands: Protection 
objective applies to... goals and requirements exist via... 


In-water Watershed RWQCB CDF / Forest DFG/F&G 
conditions Practice rules Code 
+ + 


Aquatic Environment—Streams & Lakes 


+ + no discharge i +no 
allowed discharge 
allowed 


? Limit human caused watershed disturbance using, for example, ERA or a 
i qualitative assessment. 


said sbnbeiet atic 
~ 
~ fish but 
I Ree a ne ON 
: Increase Chinook spawning area and improve habitat for all life stages. ~ restorable  ~ restorable ~ 
ae eae net ere nein eee eee en eet : beneficial 2 bencficiad umn 
: Reintroduce native fish and frogs and other organisms. xX i ~ 
Reduce the impacts of recreational activities on native biota. xX i ~ 


i ~ Review 


Maintain natural range of fish movement: no blockades. ~ restorable 


: ~ restorable 


beneficial beneficial PERC 
Peer errr rrr errr erred ang uses uses one i eeeneee 
: Maintain or re-establish natural flow regime: i MM addresses”. 2K dddtesses 


Dé hae ea H 
i Timing and duration; flow but not : flow but not 
:@ Dams and diversions; i 


: ; : natural flow : natural flow 
;@ Connect streams with flood plains. i 


er Bee ciepaecd il oldie er idea onl celal bevel piven fUcrd sel neni a obed cel cae TRL D RENE PET DLT DDD TEP LUT ED DLaDD) Dina bi er igi TPL Lap) chap Pe TeT bent anp arbre i ud EPEC ETRE ETO ETOETOTTC TREE 


: Protect unique or sensitive habitats within the watershed that are limited in ~ must use 


CNNDB, 
nesting sites 
protected 


SEDER ECOL eee eee eee eee teenie entree ieee renee re teeter nee ee reer rer entree teeter eee eee re eee eee eee eee eee eee eee eee eee ete eee eee eee eOeOeeeeneneeee, | oes eececesvavecesvauensaeauegsaeaceass seep ee bs Pe ee Pe eee Per ete rere Pee e rT eee eee eee ee eee eee reece ee eee ees 


: Have continuous management and responsible monitoring of watersheds. : t xX 


~ goal exists 


but no 
requirement 


ADDENDUM 


APPENDIX II: SPECIFIC ROAD RULES ON LANDS 
UNDER CDF’s JURISDICTION 


Road regulations in the Forest Practice Rules are primarily 
erosion control strategies. They do not attempt to deal with 
habitat fragmentation and biological invasions. As a result 
there are no rules on road densities although, in some cases, 
cumulative effects analysis might preclude excessive road 
building. In general, road regulations in the Forest Practice 
Rules are complex. Specific questions should refer to Forest 
Practice Rules (see Article 12 of Forest Practice Rules, §923, 
943, 963). 

Currently no regulations or incentives exist through the 
Forest Practice Rules to maintain roadless areas. Roadless 
areas that do occur on private lands (see Franklin and Fites 
1996) are incidental to the goals of the Forest Practice Rules. 

The road regulations in the Forest Practice Rules state 
that roadways should be planned, located, constructed, 
reconstructed, and maintained in a manner that: is consistent 
with long-term enhancement of maintenance of the forest 
resource; best accommodates appropriate yarding; minimizes 
damage to soil and fish and wildlife habitat; and prevents 
degradation of the quality and beneficial uses of water. 

Wherever feasible foresters are expected to: use existing 
roads; layout roads to minimize total mileage; avoid routes 
near bottoms of steep canyons; minimize stream crossings; 
locate roads on flat areas/benches when possible; and use 
logging systems that will reduce excavation or placement of 
fills on unstable areas. 

In addition: 


e Road construction in the Water and Lake Protection Zone 
(WLPZ) is prohibited except for stream crossings 
specified in the THP (see below and §923.2 (v)++); 

e Extra protection must be provided where slopes are over 
65% or where slopes are over 50% and the road is within 
100 feet of a WLPZ (§923.1++). Overhanging or unstable 
concentrations of slash, woody debris and soil along the 
downslope edge or face of the landings shall be removed 
or stabilized when they are located in these areas (§923.5 
(f) (++); 

e New roads should not exceed 15% steepness except for 
short pitches of less than 500 feet (§923.1(e)++); 

e Roads and landings shall be planned so an adequate 
number of drainage facilities and structures are installed 
to minimize erosion on roadbeds, landing surfaces, 
sidecast and fills (§923.1(f)); 

e Drainage should be provided by an adequate number of 
ditch drains (§923.1(g)++); 

e On slopes greater than 35%, the organic layer of the soil 
shall be substantially disturbed or removed prior to fill 
placement (§923.2 (f)++); 

e Excess road cut material must be placed and stored in a 
fashion that does not affect downstream beneficial uses 
(§923.2 (g)++); 

e Waste organic material such as stumps shall not be buried 
in fill (923.2 (j)++); 


e Sidecast or fill material extending more than 20 feet in 
slope distance from the outside of the roadbed must be 
planted, mulched, removed, or treated as specified in the 
THP to minimize erosion (923.2 (m)++); 

e Roads should be single lane and well drained unless 
otherwise justified in the THP. Roads should stay out of 
WLPZs unless absolutely necessary ($923.1(h)++). 


In general, roads or landings cannot be built without 
prepared crossings and the permission of CDF (§916.3c++). 
No heavy equipment is allowed in the WLPZ (Water and 
Lake Protection Zone) without justification (§916.4(d)++). 
Watercourse crossings must either meet the following criteria 
or require Department of Fish and Game 1601 and 1603 
permits: 


e Drainage structures shall allow for unrestricted passage 
of fish where they are present ($923.3 (c)++); 

e Drainage structures and facilities shall be sufficient size 
to minimize erosion, and maintain or restore the natural 
drainage pattern. Permanent watercourse crossings and 
associated fills and approaches shall be constructed 
where feasible to prevent overflow down the road 
($923.2 (h)+4+, $923.3(e)++); 


The California Fish and Game Code states that plans 
must be submitted to DFG if they will divert, obstruct or 
change the natural flow or the bed, channel, or bank of any 
waterway if fish or wildlife use that water; or if the activity 
occurs in a waterbody designated by DFG; or if any debris 
will be discharged where it can pass into a waterbody 
designated by the department ($1601 Fish and Game Code). 
It is unlawful for any person to commence any activity 
affected by this section until the department has found it will 
not substantially adversely affect an existing fish or wildlife 
resource or until the department’s proposals, or the decisions 
of a panel of arbitrators have been incorporated into such 
projects ($1603 Fish and Game Code). 


In addition, in terms of maintenance and season: 

e Drainage structures must be in place by October 15 for 
the wet season ($923.2 (q)++); 

e Drainage structures, if inadequate to carry water from a 
fifty-year flood, must be removed by October 15 or the 
end of the timber operation, whichever comes first 
(§923.4 (f)++); 

e Temporary roads shall be blocked or closed to traffic 
before the winter period (§923.4 (g)++). 


APPENDIX III: RIPARIAN BUFFER RULES FOR 


LANDS UNDER CDF’s JURISDICTION 


Watercourse and Lake Protection Zones (WLPZ) are to be 
established when timber harvest plans are developed. The size 
of these buffers depends upon slope, stream class, yarding 
method, and sensitive stream conditions (for complete table 
and references see the Forest Practice Rules, Article 6, §916). 
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Table 4: Buffer widths for ground based skidding 


Stream 
class 


30-50% 


75 feet 100 feet 150 feet 
(100 feet 


for cable 

yarding) 
Wide enough to act as a filter strip 
and maintain soil stability. May 
include equipment exclusion zone 
only. 


100 feet 
(75. feet 
for cable 
yarding) 


Same as above. 


Stream characteristics Prohibitions and activities 


Class I streams are perennial. Fish are 
present on-site full or part time, or the 
stream is used as a domestic water 
supply on-site or within 100 feet 
downstream. Habitat needed for 
migration or spawning is included in 
this stream class. 


Class II streams may be either 
perennial or intermittent. Fish may be 
present off-site within 1000 feet 
downstream. Other aquatic life is 
present. Excludes class III waters that 
are tributaries to Class I waters. 


Class III streams are intermittent or 
ephemeral. “No aquatic life present” 
but the watercourse shows signs of 
being able to transport sediment under 
normal high water conditions. 


Class IV streams are human created 
diversions, usually downstream. They 
are established for domestic, 
agricultural, hydro-electric or other 
beneficial uses. 


To protect water temperature, filter 
strip properties, upslope stability, and 
fish and wildlife values, at least 50% 
of the overstory and 50% of the 
understory canopy covering the 
ground and adjacent waters shall be 
left in a well distributed multi-storied 
stand composed of a diversity of 
species similar to that found before 
the start of operations. The residual 
overstory canopy shall be composed 
of at least 25% of the exiting 
overstory conifers. Species 
composition may be adjusted 
consistent with the above standard to 
meet on-site conditions when agreed 
to in the THP by the RPF and the 
director (§916.5++). 

To protect water temperature, filter 
strip properties, upslope stability, and 
fish and wildlife values, at least 50% 
of the total canopy covering the 
ground shall be left in a well 
distributed multi-storied stand 
configuration composed of a 
diversity of species similar to that 
found before the start of operations. 
Due to variability in Class II 
watercourses these percentages and 
species composition may be adjusted 
to meet on-site conditions when 
agreed to by the RPF and the 
Director in the THP. 

At least 50% of the understory 
vegetation present before timber 
operations shall be left living and 
well distributed within the WLPZ to 
maintain soil stability. This 
percentage may be adjusted to meet 
on-site conditions when agreed to in 
the THP by the RPF and the 
Director. Unless required by the 
Director, this shall not be construed 
to prohibit broadcast burning with a 
project type burning permit for site 
preparation (§916.5++). 

See those listed with Class II waters 
above. 
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Buffer sizes listed above may be reduced if the RPF and 
Director agree in the THP but not by more than 25% (§916.4 
(b) (5)++). Before and after timber harvest CDF performs 
site-inspections on 200 ft. segments of watercourses and/or 
lakes to check for compliance (§916.4,b,2++). 

Policies that extend to all WLPZ areas: 


e Within the WLPZ at least 75% surface cover and 
undisturbed area shall be retained undisturbed 
(§$916.4++). Foresters are required to retain multi-story 
canopy for shading and other values (§916.5++); 

e Areas where mineral soil exceeding 800 continuous 
square feet in size has been exposed by logging 
operations must be treated to reduce soil loss. This 
treatment shall occur prior to the winter season beginning 
on October 15 (916.7++); 

e Where there is less than 50% canopy cover (50% of 
ground must be shaded) only sanitation logging is 
allowed unless specially excepted (§916.3f++); 

e For woody debris recruitment foresters must retain two 
sixteen inch or greater trees at least fifty feet tall per acre 
within fifty feet of Class I and II watercourses 
($916.3g++); 

e Trees in meadows and wet areas may be clear cut and are 
exempted from stocking to attain or retain these areas for 
wildlife and livestock. (§939.15, 959.15(b)); 

e No heavy equipment is allowed in the WLPZ without 
justification (§916.4d++); 

e Maintaining natural flow is important and is to be 
considered when addressing cumulative impacts 
(§916.54++); 

e When water is drawn out of streams to water roads the 
total amount drawn is limited ($1600 Fish and Game 
Code). 

During development of a timber harvest plan additional 
values are to be considered for protection: 

e Water temperature control; 

Streambed and flow modification by large woody debris; 

Filtration of organic and inorganic material; 

Bank and channel and upslope stability; 

Vegetation structure diversity for fish and wildlife habitat 

including vertical diversity; migration corridors; nesting, 

roosting and escape habitat; microclimate modification; 
snags; and surface cover. (§916.5). 


In any timber harvest plan, the forester must identify 
existing and restorable beneficial uses (916.5a2++). 
Anadromous fish habitat isolated from salmon runs by a 
downstream dam is not considered a restorable use. Dams are 
considered permanent blockades. Diversions and culverts, 
however, are impermanent and habitat beyond them must be 
sustained or restored. 

The Forest Practice Rules require protection of riparian 
vegetation and soils—but no quantitative limits are defined 
(§916.3d++). The Southern section of the Sierra has a special 
rule affecting riparian vegetation: ‘All non-commercial 
riparian vegetation found along streams and lakes and within 
meadows and wet areas shall be retained and protected insofar 
as practical” ($953.7). No explicit equivalent exists for the 


Northern zone of the Sierra although the riparian canopy 
cover requirements discussed above extend across the entire 
Sierra. 

In terms of pollution, forest operations are not allowed to 
put anything in the water—no soil, bark, toxins, petroleum, 
slash or sawdust. If pollutants are accidentally placed there 
they must be removed (§916.3++). Informal sources indicate 
that compliance with this rule is weak and this sentiment is 
corroborated: “Operational wastes and discharges were 
adequately controlled at 61% of the sites visited” (‘Final 
Report of the Forest Practice Rules Assessment Team to the 
State Water Resources Control Board” 1987). 
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Modeling Aquatic and Riparian Systems, 
Assessing Cumulative Watershed Effects, 
and Limiting Watershed Disturbance 


ABSTRACT 


Cumulative Watershed Effects often have severe 
impacts on the condition of aquatic and riparian systems. 
Under the auspices of the Sierra Nevada Ecosystem 
Project (SNEP) we have adapted a _ cumulative 
watershed effects accounting system to model forest 
stand response to fire and timber harvest activities. This 
system is intended to help us (1) address effects of 
sedimentation; (2) limit possible losses of aquatic 
biodiversity; (8) account quantitatively for the total 
amount of cumulative watershed effects; and (4) limit 
cumulative watershed effects that may accrue as a result 
of management activities or natural events such as 
wildfire. The Equivalent Roaded Area (ERA) strategy, 
which we have adapted, is described in this paper. 
Examples are provided to contrast and illustrate a 
traditional approach of calculating cumulative effects 
using ERA values with our modification of this method. 
The modified ERA system has been adapted to more 
accurately depict the effects of fire intensities, 
steepness, and grazing. In addition, we use a two-zoned 
buffer system with an emphasis on the biological 
components of cumulative effects. At the same time, we 
have eliminated the use of site-specific information about 
watersheds and their susceptibility to cumulative effects 
since this information has not been developed for the 
entire Sierra Nevada. 

This buffer model differs from many others in that it 
is designed to protect site-specific biological effects 
rather than downstream physical effects such as 
sedimentation. To achieve this goal of local protection of 
in-stream organisms and systems less activity is allowed 


the closer one moves to streams. In addition, buffer 
sizes increase with adjacent slope steepness and 
decrease with stream size. As a result, buffers are 
largest in steep headwaters areas. 


INTRODUCTION 


The Sierra Nevada Ecosystem Project was commissioned by 
Congress in 1993 to assess the health of the ecosystems of the 
Sierra Nevada and to evaluate “management strategies to 
maintain the health and sustainability of these ecosystems 
while meeting human needs” (SNEP 1994). The importance of 
late-successional forests and watersheds was emphasized in 
numerous letters from Congress and in a bill considered by the 
Agriculture Committee of the House that became, in part, the 
model for the SNEP assignment. That bill, as an example, 
requested, 


..recommendations of alternative management 
strategies to protect and enhance each ecosystem of 
the Sierra Nevada forests and the resources thereof, 
including the watersheds and late-successional forests 
and their dependent and associated species, including 
a determination of whether late-successional reserves 
are necessary for the maintenance of the health of the 
Sierra forest ecosystems and if such reserves are 
necessary, what lands should be included in such 
reserves. 


(section (5) (A) of HR 6013) 


Sierra Nevada Ecosystem Project:Final report to Congress, Addendum. Davis: University of California, Centers for Water and Wildland Resources, 1996. 
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The assessment of Sierra Nevada ecosystems has revealed 
a number of problems with achievement of health and 
sustainability including: (1) decline in the amount and 
complexity of late-successional forest in the commercial forest 
types, especially mixed conifer and east-side pine; (2) declines 
in aquatic biodiversity and existing and potential threats to 
riparian-associated species; and (3) existing and potential 
difficulties from watershed disturbance (SNEP, volume II). 
Also, there may be increased threat of severe fire in some 
forest types from the build-up in fuels and decrease in fire 
periodicity, although opinions vary about the degree of that 
increase. 

Franklin, et al. (1996), have proposed and evaluated the 
potential for a number of different conservation strategies for 
late-successional forests. These conservation strategies all 
involve increasing the general extent and complexity of late- 
successional forests in the Sierra, with varying degrees of 
human intervention through prescribed fire and mechanical 
treatment (timber harvest and road building) to accelerate 
development of late-successional characteristics and reduce 
the threat of fire. 

Goals and strategies designed to deal with the different 
problems identified potentially influence and impact each 
other. As an example, mechanical treatment to improve late- 
successional / old-growth (LS/OG) forest rank, decrease fuel 
loads, and/or produce timber can impact riparian areas and 
watersheds. Cattle grazing can have a similar effect. Aquatic 
goals for riparian zones can affect the amount of LS/OG forest 
and the state of corridors between Areas of Late-Successional 
Emphasis (“ALSE,” see Franklin, et al. 1996). 

Thus, we have built a policy analysis model that 
emphasizes the analysis of strategies for late-successional 
forests in fire-dominated landscapes, but that can also 
accommodate goals and strategies for riparian areas and 
watersheds (Sessions, et al. 1996). This model can also accept 
goals for, or limits on, timber harvest and grazing and limits 
on budgets. 

The purpose of this paper is to explain our approach to the 
measurement and control of cumulative watershed effects in 
the strategic policy analysis that we have undertaken of 
forests, fire, and watersheds. The analysis of this strategy is 
limited to the federal lands in the Sierra with the exception of 
a narrow margin of private lands in watersheds along the 
federal boundary. The legal constraints and opportunities for 
extending this strategy to private lands in the Sierra have not 
been closely examined. 


| THINKING ABOUT AQUATIC AND 
RIPARIAN ECOLOGICAL SYSTEMS' 


Aquatic and riparian systems are easily affected by 
management activities on surrounding lands. Individual events 
or cumulative effects can have severe effects on aquatic life, 
channel condition, species using riparian habitat, and water 


' For a full description of the SNEP approach to thinking 
about aquatic and riparian systems please refer to 
Kattelmann and Embury 1996 


quality. For these reasons, riparian systems often receive 
special protection from activities that might affect them. The 
riparian zone protection scheme we are using in the SNEP 
forest stand projection model (see Sessions, et al. 1996) has 
been designed according to four principles. First, a stream 
needs natural or near-natural energy and nutritional inputs to 
sustain its biological functions. Second, some plant and 
animal communities rely on the forest adjacent to streams. 
Third, small streams are more affected by hillslope activities 
than are larger streams. A headwaters aquatic system, for 
example, is small in relation to the zone that influences it. 
Compared to a larger stretch of stream further down the 
system the small amount of water in a headwaters system is 
easily affected by even small effects on surrounding lands. 
Fourth, the likelihood of disturbance resulting in discernible 
in-stream effects increases as adjacent slopes become steeper. 
Therefore, stream protection should increase as adjacent 
slopes increase in steepness. 

The aquatic and riparian management protection scheme 
developed by D. C. Erman, N. Erman, L. Costick and S. 
Beckwitt has three spatial components designed to 
accommodate the four principles described above (see 
Kondolf, et al. 1996; Kattelmann and Embury 1996). The 
Community Influence Region, the first region, is the area in 
which plants, animals and other organisms dependent upon the 
area adjacent to the water live or spend time. Obligate species 
such as beavers and dippers, and transients, such as bats and 
other predators, are species for which this zone is critical. 

The second component is an Energy Influence Region. 
This area, which extends as far from the stream as the height 
of the tallest tree when tree cover is present, includes all the 
habitat necessary for the community influence region plus all 
the area that contributes energy and nutrients to the aquatic 
system. Recruitment of leaves and snags into the stream, for 
example, usually originate within the length of one tree height. 
Included in the functions of this zone are the recruitment of 
woody debris and shading canopies. Changes in flow and 
temperature are considered to result from disturbances in the 
Energy Influence Region due to the filtering and buffering 
capacity of the near-stream area. 

These first two zones are based in convergent ways of 
thinking about ecosystems. The first is rooted in community 
ecology in which the organisms and their structure in 
biological communities is examined, and the second in 
ecosystem ecology—the study of flows of energy and 
materials between organisms and other components of the 
system. In this protection strategy both approaches are 
considered. 

The third part of the system, the Land Use Influence 
Region, includes the area in which land use activity will 
influence stream conditions and the functioning of the 
community influence and energy influence regions. Influences 
include concentrations of nutrients above baseline levels, 
increased sedimentation, and changed microclimate. The 
width of the Land Use Influence region varies according to the 
probability of disturbance to a stream as a function of hill 
slope and/or hazardous soil and geologic conditions. 

In this riparian protection scheme different levels of 
disturbance and tree removal would be permitted in each 
region. In the Community Influence Region, for example, a 
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strict limit on activity would exist—very little disturbance 
would be allowed and generally a mature forest would be 
established as the goal. The Energy Influence Region would 
have varying degrees of activity allowed including selective 
removal of canopy. Finally, the Land Use Influence Region 
would allow more management activity to occur. Uplands, 
beyond the third region, would be managed even more 
permissively with respect to the range and intensity of possible 
activities allowed. 

At the scale of the entire Sierra Nevada, we do not have 
the capacity to determine the precise widths of each of these 
zones for every stretch of stream in each watershed. Actual 
land management would require gathering additional site- 
specific information that could be used to determine these 
buffer distances. As a result, we have organized these three 
ecological regions into two riparian management zones for 
SNEP’s modeling efforts. These zones are discussed more 
fully below. 

The theory that stream buffers should get larger as 
streams get smaller contrasts with traditional stream buffers 
(see Moyle, et al. 1996; Kattelmann and Embury 1996). The 
state Forest Practice Rules, for example, have stream buffers 
that get successively smaller as streams become smaller 
(§916.5 California Forest Practice Rules; Menning, et al. 
1996). This system differs from many others in that it is 
designed to protect site-specific biological effects rather than 
just downstream physical effects such as sedimentation. This 
is an important distinction, because those who criticize a 
buffer system wider in headwater areas almost always cite 
downstream effects as the reason for having larger protective 
buffers downstream. The approach described in this paper 
was designed to focus less on sediment transport to other areas 
(in which case, larger, downstream waters may need more 
protection) than on biological effects which may be more 
significant in small water bodies. Small waterbodies have a 
lower volume to influence-area ratio and so dilute effects less 
readily than do larger water bodies (see Moyle, et al. 1996; 
Kattelmann and Embury 1996). These smaller waterbodies 
also have less developed aquatic fauna/flora and tend to be 
allochthonous (depending on biological inputs from outside 
the system). Downstream waters are more likely to have more 
trophic levels, more developed flora and fauna, and often tend 
to be authochthonous (depending on internal cycling of 
nutrients/resources). As a result of these considerations, we 
have chosen to use a buffer system that protects locations 
where biota are most susceptible to small changes in land use: 
steep slopes and headwater areas. 


Figure 1: CalWater hierarchical watershed system 


State of California; 


I! CUMULATIVE WATERSHED EFFECTS 


Cumulative watershed effects (CWE) are those impacts 
accruing from more than one incident or activity that have 
combined to affect a stream or riparian area. Cumulative 
watershed effects often result from the combined effects of 
localized physical problems such as landslides, failed culverts, 
or poorly drained road sections, in conjunction with unique 
weather phenomena such as extreme storms (Ziemer, personal 
communication). Thus, most direct sources of cumulative 
effects are local in space and time. Indirect and dispersed 
sources of cumulative effects, such as large harvested areas 
and reduced forest density throughout a watershed, have more 
subtle effects. Cumulative watershed effects as they relate to 
land management are typically considered non-point sources. 

In assessing cumulative effects one must consider the 
past, present and possible future activities that may contribute 
to watershed disturbance. Often, the magnitude of the effects 
of the activities tapers off with time. As a clear cut forest 
grows back, for example, revegetation may reduce the extent 
of bare soil surface and resulting erosion. As a result, the 
subsequent transport of sediment into a stream will decrease 
and nutrient cycling may increase (see Berg, Roby and 
McGurk 1996). 

The kinds of physical impacts that may occur in an 
aquatic system as result of watershed disturbance include 
sedimentation, gravel embeddedness, pool filling, aggradation, 
bank cutting, bank mass wasting, downcutting, scouring, 
debris jamming, canopy reduction, changes in peak flows, and 
temperature changes (California Department of Forestry and 
Fire Protection 1994). In addition, biological effects may 
include riparian and aquatic habitat loss, decreases in in- 
stream biodiversity, organic debris effects, loss of spawning 
habitat and changes in species composition. 


Scales of analysis: watersheds 


A hierarchical system of watersheds has been developed by 
the California Department of Forestry and Fire Protection 
(CDF) in conjunction with federal and state agencies and 
private interests. This system of standardized watersheds, 
known as the CalWater watershed system, includes from 
largest scale down, seven nested scales of analysis (figure 1). 


Hydrologic Regions / Basin (e.g. West slope of Sierra); 


Hydrologic Units (e.g., American River ); 


Hydrologic Areas (e.g., Rubicon River tributary to American River); 
Hydrologic Sub-area (100,000—300,000 acres: e.g., headwaters of Rubicon); 
Super Planning Watersheds (averaging 50,000 acres); and 
Planning Watersheds (3,000-10,000 acres). 


(Brandow 1994) 
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While cumulative watershed effects can occur and may be 
detected at any scale, the effects are most discernible in the 
watershed where they occurred. Sedimentation due to high 
densities of dirt roads in riparian areas, or nutrient changes 
affecting in-stream biodiversity, for example, may be 
detectable at the scale of a hydrologic unit. If such effects are 
detected, however, they are certainly discernible at a local 
level in the watersheds where the activity is taking place. 
Effects at the local level are likely to be greater since 
downstream waters are diluted by inflow from other 
tributaries. 

In addition to the local occurrence and impacts of 
cumulative effects in small watersheds the factors that affect 
system susceptibility to cumulative effects vary at a local scale 
as well. Slope, soil condition and detachability, parent 
material, vegetation cover, and microclimate all vary 
significantly enough that analyses of cumulative effects and 
the likelihood of their occurrence typically are examined at the 
scale of a small watershed. 

Most cumulative watershed effects in the Sierra are 
analyzed at the local level for these reasons. The planning 
watershed level is the scale at which the California 
Department of Forestry and Fire Protection (CDF) requires 
assessments of cumulative watershed effects when timber 
harvest plans (THP) or Sustained Yield Plans are filed for 
timber-related activities on private lands (Menning, Johnson & 
Ruth 1996). The Forest Service usually measures impacts in 
similar size watersheds and typically uses the same boundaries 
as the CalWater system described above. Larger scales of 
analysis sometimes are considered, but activities are only 
constrained at the local level of planning watersheds. 

In this project, we have chosen to model cumulative 
watershed effects resulting from projected management 
actions at the small-scale level of planning watersheds. 
Because management actions anticipated in the SNEP 
modeling effort—such as timber harvest, recreational trail use, 
and prescribed fire—are typically located in individual late 
successional/old growth (LS/OG) polygons (see Sessions, et 
al. 1996), and these polygons are similar in scale to planning 
watersheds, cumulative effects are assessed in LS/OG 
polygons. Frequently, these LS/OG polygons straddle 
ridgelines and may contain parts of several watersheds. 
Effects, however, are allocated to parts of individual 
watersheds within these polygons. The use of cumulative 
effects analysis in each local polygon allows for a more 
realistic and site-specific simulation of vegetation 
management and the resulting impacts than have other forest 
stand modeling efforts. 

All further analyses discussed in this report are described 
at this scale, either in CalWater planning watersheds, or in 
LS/OG polygons. 


Regulatory use of cumulative effects 
analysis to constrain watershed activity 


The Federal Water Pollution Control Act (commonly called 
the Clean Water Act or CWA) entrusts the state with the role 
of ensuring water quality within the constraints of detailed 
federal legal requirements and approval. A solid case history 


demonstrates that the state can set water quality standards for 
the federal government on water quality & cumulative 
watershed effects under the authority of the CWA. Best 
management practices (BMP) of the federal agencies do not 
supersede the state’s authority and water quality boards’ 
regulatory authority even when Memorandums of 
Understanding (MOU) or Management Agency Agreements 
(MAA) have been signed. Thus, the federal land management 
agencies (Bureau of Land Management, National Park 
Service, Forest Service, and Fish & Wildlife Service) must 
meet state water quality requirements while performing forest 
management activities. In contrast, this state authority over 
federal lands in water quality is not paralleled by state forestry 
laws and regulations administered by the California 
Department of Forestry and Fire Protection (CDF). These 
state forestry laws are strictly limited to the non-federal lands. 

The state’s authority over water quality extends over all 
lands in the state but the actual means of administration are 
different for the federal agencies and non-federal land owners. 
The Regional Water Quality Control Boards’ (RWQCB) 
strategies for protecting water quality are primarily 
performance oriented and not prescriptive (Menning, Johnson 
and Ruth 1996). State law, in fact, precludes the agencies from 
stating how effects must be avoided (California Porter- 
Cologne Act). The RWQCBs determine what water quality 
levels must be met but they will not state specifically how 
those standards must be met. When permits are required for 
discharge, or any activity with probable effects on aquatic 
systems, the regional boards can accept or deny proposals 
based upon the likely impact on declared downstream 
beneficial uses. In making these rulings the RWQCBs can 
require mitigation or minimization but cannot say how a 
project must be done. 


CDF approaches—Non-federal forested lands 


On non-federal forested lands the primary authority for 
assessing and regulating cumulative watershed effects derives 
from the state Forest Practice Rules administered by the 
California Department of Forestry & Fire Protection (CDF). 
Probable cumulative watershed effects are reviewed when a 
Timber Harvest Plan (THP) is filed. They also will be 
considered when Sustained Yield Plans (SYP) are reviewed. 
In the Sierra, the Lahontan or Central Valley Regional Water 
Quality Control Board (RWQCB) is called in on consultation 
with CDF for pre-harvest inspections and, sometimes, post- 
harvest inspections (personal communications with Yee, Blatt, 
and Caffereta 1995). 

The state Board of Forestry (BOF) has established rules 
for meeting water quality standards but the Board does not 
have prescribed methods of determining attainment of the 
standards. Additionally, while there are some quantitative 
standards described in the Forest Practice Rules (§912.9, 
932.9, 952.9 and Technical Rule Addendum #2), CDF and the 
appropriate RWQCB perform qualitative visual inspections 
and usually do not take actual measurements—on occasion, 
stream temperatures and shade cover data are collected. While 
standards for water quality do exist in the RWQCB Basin 
Plans no specific assessment method for cumulative effects 
has been defined by either of the RWQCBs or CDF. Many 
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methods are allowed, including Equivalent Roaded Area 
assessments (ERA) and general narratives. The actual form of 
assessment used is up to the Registered Professional Forester 
(RPF) who works on the THP or SYP (see Menning, Johnson 
& Ruth 1996). 


Federal lands 


While the state has been invested with the authority to regulate 
the federal agencies under the CWA on federal land this 
regulatory function has largely been deferred back to the 
federal government with the understanding that the federal 
agencies will take actions embracing state and regional water 
quality standards. Federal agencies can set stricter standards 
for water quality but must at least meet state standards. 

Best Management Practices (BMP) and acceptable levels 
of watershed disturbance are developed cooperatively between 
the federal agencies, the State Water Resources Control Board 
(SWRCB) and the US Environmental Protection Agency 
(EPA) while these agencies develop a Management Agency 
Agreement (MAA). On Forest Service land the agreements 
between the SWRCB and the federal agency state that BMPs 
will be used to assess, monitor and predict cumulative 
watershed effects. Currently, the preference of Forest Service 
Region Five in California is to apply the ERA method 
developed in the Region (described below; also, see Berg, 
Roby and McGurk 1996). The net result is that through 
cooperative agreements the Forest Service defines its own 
regulations and methods for assessment and is responsible for 
monitoring itself for compliance. 


Modification of plans based on activity in 
watersheds 


The Forest Service does not have to consider the role of 
adjacent private lands when writing a programmatic EIS as 
long such an analysis is performed when a site-specific action 
is considered. Under its own guidelines the Forest Service 
must consider cumulative effects on adjacent non-federal 
lands when a site-specific action is proposed. The Region 5 
Soil and Water Conservation Handbook states the best 
available information must be found and used, and in the 
absence of any information a worst case scenario must be 
assumed (USDA Forest Service 1988). 

On the Eldorado National Forest the staff has amended 
several timber sales a number of years after the sales were 
completed partially due to concerns over cumulative 
watershed effects. Some of the watershed analyses showed 
current impacts were too high to proceed as originally 
planned. Watersheds had been affected by higher than 
expected levels of harvest on private lands during the years 
intervening the timber sales and the proposed harvests. As a 
result, the Forest Service had limited ability to maintain 
watershed quality and continue with planned management 
while remaining below thresholds of disturbance. In 
conjunction with other concerns, the Forest Service amended 
the sales to avoid lawsuits that might have enjoined harvesting 
due to violations of the Forest Service’s own water quality 
standards. 


Cases such as this may occur in watersheds that have a 
mix of federal and private ownership and where Forest Service 
lands are in a less-disturbed condition than adjacent private 
lands. This can also happen when the Forest Service, with its 
stricter cumulative watershed effects standards, is more 
constrained by the cumulative impacts than are adjacent 
private landowners. In such a case, the Forest Service might 
determine it must change or postpone planned activities on 
federal lands in the watershed to avoid exceeding a threshold 
of concern (TOC). In contrast, private interests may set higher 
allowable levels of activity in the watershed. If CDF with the 
private cumulative effects analyses then activity affecting the 
watershed may occur on those lands. If private lands do have 
higher thresholds more harvesting and road building may be 
planned on the private portion of the watershed. This 
additional activity in the watershed would continue to 
constrain the Forest Service. 

On some National Forests in the Sierra Nevada the 
cumulative watershed effects analysis methods are not spatial. 
In other words, the methodology does not differentiate 
between sources near the stream and those far upslope. The 
Forest Service does can escape from this problem, however. If 
a timber sale or other management activity will violate a 
Threshold of Concern in a watershed (TOC, described below), 
the Forest Service is not strictly required to prevent the 
activity. If a calculated TOC would be slightly breached by a 
timber sale in the uplands, for example, the sale might be 
allowed to proceed based on its position far from the stream. 


Cumulative Watershed Effects Assessment 
Methods 


Many sources of direct cumulative effects, as discussed above, 
are local in space and time and subject to stochastic events 
such as storms which trigger or magnify impacts. Means of 
assessing risks of cumulative effects, however, may be based 
on expected likelihoods of events occurring across entire 
portions of landscape. As a result, risks may be determined to 
be high, but cumulative effects may or may not occur, and 
their magnitude, if they do occur, are variable. Similarly, a 
low risk rating does not mean that cumulative effects will not 
occur (Ziemer personal communication; Reid 1993; Berg, 
Roby & McGurk 1996). In sum, cumulative effects and the 
magnitude of their effects are difficult to predict. A number of 
different methods of assessing cumulative effects have been 
developed to attempt to deal with this complex arrangement of 
causes and effects. These methods are discussed in Berg, Roby 
& McGurk (1996) and are summarized here (also, see Reid 
1993). 


Qualitative assessments 


The California state Forest Practice Rules provide an example 
of how cumulative effects analysis may be performed (State of 
California: Forest Practice Rules, $912.9 Cumulative Impacts 
Assessment Checklist) but there is no required method 
(§1091.6 Forest Practice Rules). Acceptable methods include 
the ERA approach described below, other developed analyses 
of cumulative watershed effects, and a separate checklist 
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provided separately by CDF (California Department of 
Forestry 1994). With the exception of the ERA method, each 
of these approaches is essentially qualitative. They require the 
professional judgment of the Registered Professional Forester, 
and where available, information on the past, present, and 
expected future watershed-disturbing activities, but no 
quantitative measures or thresholds are established. 


Quantitative Methods 


Practitioners of the Equivalent Clear-cut Area (ECA) method 
attempt to link harvest activity to changes in water yield. ECA 
does not, however, consider for other kinds of activity on the 
landscape. A second method, the Klock Watershed 
Cumulative Effects Analysis (KWCEA) is a hybrid method 
developed for the Northwest focused on sedimentation and 
surface erosion. Only timber harvest and roads are considered 
and the method is generally unproven. 

A third method, the R-1/R-4 Sediment-Fish Model, 
focuses more narrowly on fish survival as a function of 
sediment input. Sediment yields are determined for areas 
affected by fire, logging and roads. The relationships that form 
the basis of this model are specific to the area on the Idaho 
Batholith for which it was developed. Its relevance to the 
Sierra is unknown. A fourth method, the Water Resources 
Evaluation of Non-point Silvicultural Sources (WRENSS) 
allows for quantitative evaluation of changes in flow, sediment 
and temperature. A number of qualitative assessments can also 
be made. WRENSS can be used to assess road and harvest 
activities, but not fire. 

Fifth, Limiting Factor Analysis (LFA) focuses on the 
variables that limit coho smolt populations in the Pacific 
Northwest. Such an analysis is of limited use for the Sierra 
Nevada. Sixth, the U.S. Environmental Protection Agency 
developed the Synoptic Approach to assess cumulative 
impacts to wetlands. This method allows for comparison of 
impacted wetlands sites. Similar to LFA, its range of 
application is limited in the Sierra. 

Several watershed-wide expert analysis systems are 
available as well. The Washington State Watershed Analysis 
(WWA) requires intensive on-site investigation by teams of 
experts. The assessments are partially quantitative but mostly 
qualitative. WWA is intended to help define likely sources of 
major local cumulative effects that can impact larger water 
systems. A ninth method, the Forest Ecosystem Management 
Assessment Team’s Watershed Analysis (FEMAT-WA) 
operates at a large scale and is less an accounting procedure 
than a watershed review process. Similar to WWA, many 
elements of the FEMAT-WA are qualitative in nature and of 
questionable use in a range-wide evaluation. The Idaho Forest 
Practices Method, the tenth discussed here, has recently been 
developed and is focused on timber-harvest related activities, 
not including grazing, mining and recreation. The applicability 
of this system to the Sierra has not yet been evaluated fully. 

Within the last decade, Region 5 of the Forest Service 
developed the Equivalent Roaded Area (ERA) approach in 
order to grapple with the difficulty of assessing cumulative 
watershed disturbance in a consistent fashion. The potential 
for impact from any of a number of different activities—troads, 
fire, harvest site preparation, recreation, and silvicultural 


system used—is measured in a common currency, an area of 
bare road surface, and evaluated in the context of the 
susceptibility of the watershed to cumulative effects. Although 
the ERA method is better designed to identify areas of risk 
than to predict exact effects, ERA evaluations have been 
linked to some impacts such as in-stream invertebrate 
biodiversity (McGurk and Fong 1995). Various approaches to 
using ERA have been implemented throughout the National 
Forests in the Sierra Nevada. This method is describe in 
greater detail below. 


A new Forest Service approach being developed to 
assess Cumulative Watershed Effects 


No system of assessing cumulative effects is fully satisfactory. 
Region 5 of the Forest Service is currently developing a new 
two-tiered method of assessing cumulative watershed effects 
to address many of these concerns. The new system, which 
may be implemented in the next few years, splits cumulative 
effects assessments into aquatic (in-stream) and terrestrial 
(land disturbance) components. This requires considerable 
site-specific information about land disturbance, vegetation, 
and stream channel condition. For the purposes of this 
analysis, this method requires more information about each 
watershed than is currently available. 


The Equivalent Roaded Area (ERA) approach to 
Cumulative Watershed Effects 


Of the many methods available to assess cumulative 
watershed effects we have selected the Equivalent Roaded 
Areas (ERA) approach. Like any accounting system designed 
to measure impacts ERA has advantages and disadvantages. A 
number of drawbacks do exist with the ERA approach. First, 
a fully-implemented ERA system requires more site-specific 
information than is currently available for the Sierra. Second, 
ERA does not predict effects with precision and has tenuous 
linkages between activities in upland areas and in-stream 
effects. Third, the evaluation of recovery over time is more 
linked to the causes of effects than to the effects themselves. 
Fourth, ERA describes a level of risk but does not offer an 
index of actual effects. In sum, ERA is essentially an 
evaluation of risk due to management activities and not an 
outright prediction of the magnitude or exact location of 
cumulative effects or of their rates of recovery. 

Although the ERA system is imperfect, it is the most 
useful model for limiting and evaluating the effects of our 
management strategies for a number of reasons. First, the ERA 
method provides a quantitative accounting and analysis 
system. Our forest stand modeling efforts have most of the 
necessary data as inputs to the process, and the outputs of this 
analytical system can be used to estimate probable effects of 
multiple management activities dispersed in time and space. 
Second, ERA analyses have been correlated with some 
ecological measures of in-stream effects (McGurk and Fong 
1995, described below). Third, there are some theoretical 
bases for linking ERA to measures of effects. Fourth, ERA is 
considered a legally legitimate and commonly used method of 
assessing cumulative watershed effects at both the state and 
federal levels in the Sierra Nevada. Fifth, ERA allows for 
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Table 1: ERA coefficients as originally developed for the Eldorado N. F. 


yr ae essa sesnasences audit ans nnasktaanesuuuse asec taatanseeecsssneate natiteat aneiaueatiiaaenttteaiiaa (fae 
i 1 2 5 10 20 50 


I. Transportation system 


A. System & non-system roads and landings 


1. good drainage 1.0 1.0 1.0 1.0 1.0 1.0 
2. poor drainage 1.5 Fixing road during problems associated with ditches, 
culverts, etc.: coefficients return to 1.0 
3. diversion potential 2.0 Same comment as above 
B. Abandoned roads and landings 1.0 0.9 0.9 0.8 0.8 0.8 
C. Trails (recreational) 1.0 1.0 1.0 1.0 1.0 1.0 
D. Ripped and obliterated roads and landings 0.4 0.3 0.3 0.2 0.1 0.1 


IL. Silvicultural system 


A. Tractor (includes impact due to skid trails) 


1. Clearcut and seed tree 0.25, 0.24 0.20 0.15 0.10 0.08 
2. Shelterwood 0.22 0.20 0.15 0.10 0.10 0.08 
3. Overstory removal 0.20 0.16 0.12 0.10 0.10 0.08 
4. Sanitation / Salvage 0.15 0.10 0.08 0.05 0.05 0.04 
5. Selection / Thinning 0.15 0.12 0.10 0.08 0.08 0.08 
B. Cable 
1. Clearcut 0.15 0.14 0.10 0.05 0 0 
2. Overstory removal 0.10 0.06 0.02 0 0 0 
C. Helicopter 
1. Clearcut & seed tree 0.10 0.09 0.05 0.02 0 0 
2. Overstory removal 0.05 0.05 0.05 0 0 0 
3. Sanitation / Salvage 0.02 ) 0) 0) 0 0 
4. Selection / Thinning 0.05 0.02 0.01 0 0 0 


II. Site preparation method 


A. Mechanized 


1. Pile & Burn 0.15 0.12 0.10 0.05 0.05 0.05 

2. YSM Tractor 0.10 0.08 0.05 0.03 0.03 0.03 

3. YSM cable 0.05 0.02 0 0 0 0 

4. Crush / Chip 0.04 0.02 0.02 0.02 0.02 0.02 
B. Non-mechanized 

1. Broadcast burning L-M 0.08 0.05 0.02 0 0 0 

2. Hand pile & burn 0.05 0.02 0 0 0 0 

3. Lop & scatter slash 0 0 0 0 0 0 
C. Herbicides 0 0.05 0 0 0 0 
D. Rip / obliterate skid trails -0.08 -0.08 -0.08 -0.08 -0.08 -0.08 
E. Hand grubbing 0.10 0.05 0 0 0 0 
F. Disc (not plowed) 0.07 0.05 0.02 0 0 0 


: IV. Wildfire 


A. Crown (0-10% CC) 0.30 0.30 0.20 0.10 0.05 0 

B. High intensity (10-40% CC) 0.18 0.15 0.10 0.05 0 0 

C. Moderate intensity (40-60% CC) 0.05 0 0 0 0 0 
vnmnntd: LOW Intensity (OO+7% CC) essssstnsunetnsnuniennsnetnsse Oishii Oana OF Besieans Oscar h a auteeSreme a stat 


(Kuehn and Cobourn 1989, Carlson and Christiansen 1993) 
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greater consideration of the effects of fire than do most other 
models. Sixth, the model has been implemented in the Sierran 
National Forests and data is available for comparison 
purposes. 

Region 5 of the Forest Service originally developed the 
ERA approach to assess channel destabilization. Over time the 
system has been broadened to include a number of other 
cumulative impacts sources and effects. Because susceptibility 
to cumulative effects varies with soil condition, climate and 
other factors, coefficients linking activities to effects may be 
developed uniquely in different geographic regions. In the 
Sierra Nevada each National Forest has its own Equivalent 
Roaded Area method with unique coefficients (see Berg, Roby 
and McGurk 1996). We have chosen to work most closely 
with the Eldorado ERA system due to the recommendation of 
specialists in the field and Forest Service personnel involved 
in cumulative effects analyses. These experts considered it to 
be one of the best developed and tested systems in the Sierra. 

Before initiating any activity creating cumulative impacts 
the ERA method is used to determine the current condition of 
the watershed and to evaluate the natural sensitivity of that 
watershed to cumulative effects. A threshold of concern 
(TOC, explained more fully below) is established and if the 
TOC ranks below the measure of current condition (%ERA) 
planned projects are postponed, mitigated or eliminated. Either 
the watershed must recover sufficiently before new activities 
can occur or the watershed must have some of its features such 
as roads and harvest areas restored. 

As a quantitative accounting method the ERA approach 
also may be used to determine the additional risk or effect an 


activity might contribute if the planned action were 
implemented. This accounting allows for better planning 
before project implementation to lessen, if necessary, possible 
adverse effects. If high or very high risks are found, then there 
must be a much more thorough investigation of the current 
condition of the watershed. If the model’s results are 
validated the project is allowed to proceed only if effects are 
reduced to acceptable levels. 


A CWE example: Applying the ERA method 


In the CWE analysis, each watershed-disturbing activity is 
measured in a common currency: a dirt road with good 
drainage, one acre in total surface area. According to the 
Eldorado National Forest Cumulative Off-Site Watershed 
Effects (CWE) Analysis Process guide “a road surface is 
considered to be the most extreme type of disturbance in terms 
of increasing or concentrating water flows and sediment 
production” (Carlson and Christiansen 1993). A dirt road 
surface is given an ERA value of 1.0 and all other activities 
and impacts are measured in this currency relative to these 
roads. 

Each watershed-disturbing activity has a coefficient based 
upon the type of activity and the amount of time since that 
activity occurred (table 1 below). A clearcut, for example, has 
a coefficient of 0.25 for the first year which tapers off over 
time to 0.08 in the fiftieth year. A maintained road starts at 1.0 
and remains that way unless restored or abandoned. 


Figure 2: Eldorado ERA Method: example of an ERA calculation for a watershed 


Watershed A 


oe 


(oe) 
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These coefficients were developed by the Eldorado 
National Forest (Kuehn and Cobourn 1989) and have been 
modified by the Forest for more recent use source (Carlson 
and Christiansen 1993). The revised method determines 
coefficients with a best fit regression on coefficients from the 
earlier source. The Eldorado’s new coefficients are fit to a 
continuous curve, start off higher and recover more quickly in 
time. 

All coefficients are based on the assumption of full 
implementation of Best Management Practices. Each year, the 
success of BMP implementation is assessed and reported to 
the regional office. In 1994, for example, the Forest Service 
found approximately 85% effectiveness in implementation of 
BMPs on the Eldorado National Forest (Christiansen, personal 
communication 1995). 

Within each watershed the total number of acres is 
determined. Next, the total number of acres of each kind of 
activity is calculated. For example, a certain length of road, 
multiplied by its average width, would has a net area. This 
area is multiplied by the road coefficient (1.0) to attain the net 
ERA of roads. Likewise, the acres of 5-year old shelterwood 
cuts are tallied and multiplied by the coefficient for 5-year old 
shelterwood cuts (0.15). This process is repeated for each 
activity in the watershed. These products are summed and 
divided by the total number of acres in the watershed. A net 
%ERA is the result. As an example, let us consider a typical 
watershed, Watershed A (figure 2). 

Watershed A (features described below in Table 5) will 
have all of its current and historical impacts evaluated in order 
to determine the current %ERA. This value is determined by 
using the equation, 


%ERA = {(miles of roads * road width) * 
(coefficient for roads) + 
(acres of activity j) * 
(coefficient for activity j) + ...+ 
(acres of activity n) * 
(coefficient for activity n)} 


To see an example of this method review results in table 3. 

An ERA assessment typically includes several 
components. First, as described above, is an assessment of 
current roaded equivalence. This assessed value is called the 
%ERA. A watershed, for example, might be found to have 
12% ERA disturbance, or 6.8% as in this example. 

Second, each watershed is evaluated for its susceptibility 
to disturbance. This part, the Natural Sensitivity Index (NSD, 
is calculated for each watershed using soils, slope, channel 
classification, precipitation regime, and a few other variables 
(see Costick 1996). 

Third, each NSI is then converted to a Threshold of 
Concern (TOC) based upon ranges of sensitivity. The more 
sensitive to disturbance the watershed, the lower its threshold 
of concern. For example, an NSI score of 13 is considered 
very low and corresponds to a high threshold of concern: 18- 
20% ERA. In other words, since the watershed is relatively 
resistant to impact more land can be disturbed without 
exceeding thresholds. In contrast, a watershed with a high NSI 
score such as 55 is high risk and a low TOC is established: 10- 
12%. 

For the Eldorado National Forest this correspondence is 
demonstrated in Table 2. 


Table 2: Natural Sensitivity Index (NSI) and linkage to 
Threshold of Concern (TOC) 


18-20% ERA 
16-35 16-18% ERA 


36-50 14-16% 
51-65 12-14% 
10-12% 


(Carlson & Christiansen 1993) 


Table 3: Eldorado ERA Method: Features of Watershed A (3500 acres) 


Stream 


3 
[8 | Ripped and obliterated road—l0 acres, SO yearsold 
ee 


a 

3 
20 20 
24 
1 
38 


500 
300 


1.0 
1.0 
0.2 
0.08 
0.1 


re 
ee 
a ars 
a 


238 ERA / 3500 total Acres = 6.8% 
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Table 4: Eldorado Natural Sensitivity Index (NSI) coefficients and calculations 


NSI Attributes Total Acres in | Index Factor | Index Total 
category (product of 
prev. columns) 
I. Attributes Affecting Runoff Processes 
A. Horton Overland Flow 
1. Rock Outcro D 


a ae << <a 

B. Satuation Oral Flow 1.0 
——— 
ee 5 a ee (| ee 
pcm Strgsmsige Management Zones 


II. Attributes affecting sediment delivery 
A. Erosion from highly erosive soils 
1. Soils prone to gully erosion 
_{includes altered/eroded phases) 
a, 
1. All active forms of mass wasting 


Pp Citi‘ Imer gorge —C—C—“—‘“‘“‘iYSCSC‘(STCdL 2 
C. Channel Erosion _ 1.0 
Cr | a 
Po C—C“‘ RS Wegradation ——C—“‘“‘C*C*sSSSC*drYSC“‘CNNC#dACDN 
_—SS 


a. Sum of 
Subtotals for Natural Sensitivity Attributes products above 
[Index Factor Factor 

II. Drainage basin and channel morphology affecting sediment routing Emmernmamtemnstenentmcety [EFT [oe [Ew 
processes rate me 

A. Relief ratio (feet/feet) 1.0 : 1.2 coefficient 

selected from 
the left 


| iB. Drainagedensity Ditto 


C Precipitation regime 1.0 1. 2 ditto 
(snow, rain, rain/snow) 


D. Channel classification often this data 
1. Rosgen: % length by sensitivity is not available 

and coefficient 

1 is used here 


po Indexvalne 
Index value pf | ito 


Product for Channel morphology attributes b. Product of 
coefficients 
immediately 
above 


Weighted percentage of Watershed classified sensitive (Sum of Part (Total c 
Il: pI: ‘a’)/ | Acreage) = __| = 
[Natural Sensitivity Index(NS) ..——S Sensitivity Index (NSI) (answer from (product of 
| ‘c’)x_______}_sect. IIT:"b’) = _| x sect. III:‘b’) = 


/ThresholdofConcen(TOC)—s—‘(‘(Ci;‘; 2 2 3OW”*”*é<CSOStw”*”*”S”SCS*d Concern | ThresholdofConcen (TOC) eeeeseses—<—ssssSssSSSS from table2 _| table 2 


(Carlson & Christiansen 1993. This table is currently being modified by the Eldorado National Forest) 
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When a TOC has been established for a watershed it is 
compared to the current condition of the watershed (%ERA). 
First, if the current watershed condition (%ERA) exceeds the 
TOC, existing management activities in the watershed must be 
eliminated or postponed until the area is sufficiently 
recovered, restored, or mitigated. As shown in table 1, the 
effects of various activities taper off with time, so activities 
might be allowable after some time has passed and the effects 
of current CWE sources have declined. The ERA calculation 
serves a second purpose which is to determine whether a 
proposed activity will result in an ERA level below the TOC. 
If the ERA level exceeds the TOC, the activity might be 
altered to lessen its impact and could then be allowed. If either 
the current condition (%ERA) or proposed activity (calculated 
ERA) exceeds the TOC one option is to restore features in the 
watershed such as roads, thereby reducing overall %ERA. 

In contrast to situations in which activity should not be 
allowed, ERA analysis may reveal that certain activities can 


proceed without risk of watershed disturbance. A watershed 
with a high TOC and a low %ERA, for example, is in 
sufficiently good condition to allow further activity in the 
watershed without exceeding disturbance limits. 

In the case of Cat Creek, shown at the top of Table 5, the 
threshold of concern (10) is below the current %ERA (13.8). 
Correspondingly, the watershed risk factor is rated, “very 
high.” No further management activity producing cumulative 
effects will likely occur in this watershed before some CWE 
sources in the watershed are restored through natural 
processes or an intensive restoration effort. An exception 
occurs if the project is determined to be of little consequence 
based on site-specific evaluations. Other watersheds listed in 
the table have current %ERA levels below the threshold of 
concern. From a cumulative effects perspective, more activity 
would be allowable in these watersheds as long as the new 
activities do not cause the thresholds to be exceeded. 


Table 5: An example of Cumulative Watershed Effects analysis on the Eldorado National Forest 


(Analyses of the current condition of watersheds in the Sierran National Forests, including the Eldorado National Forest, are at various 
stages of completion. The following data are informal and unpublished and are provided here as an example, they are not final). 


Cosumnes Basin Watershed: Cumulative Watershed Effects Risk Determination 


Watershed name 


Total Acres ‘95 %ERA 


|CatCreek 5ST 98 Very High [13.8 
Sopiago—SSSSSSCSCSCSCSCSSSCSSCSCSCSCSCSCSCS TN“ dd igh 
| UpperCamp 8820 5 Medio 78 
[Scott 


Scott 


5736 


PClear 868 Medium 9.8 
[Dogtown 88H Medium 6.0 
| Middle Middle Fork Cosumnes_— | 9065 | | igh 10.0 
[McKinney 


McKinne 


3037 


7028 
Lower Middle Fork Cosumnes 4454 
| LowerCamp [6.6 


Lower Camp 


10166 


[Pleasant Valley TG | Medium 8.0 
[JenkinsonRes. 98H 
|HazelCreek 8B 8 
[SkyParkCreek 8a 
|BigPebble St 
| Middle North Fork Cosumnes | 6278 TOT 
| Lower Steely 


Lower Steel 


an a eee Te (a | 


L. Lower Middle Fork Cosumnes ea a a ee | ee! 
| Upper Middle Fork Cosumnes | 9218 83 


a eee (a PX a (ee Ee 


(Christiansen, Eldorado National Forest, Personal Communieanon) 
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li! A MODIFIED APPROACH TO MODELING 
CWE WITH ERA 


Adaptation of the three ecological regions 
into the model’s two riparian zones 


The aquatic and riparian system developed by D. C. Erman, N. 
Erman, L. Costick and S. Beckwitt (Discussed in Section I of 
this paper, and reported in Kondolf, et al. 1996, and 
Kattelmann and Embury 1996) is being incorporated into the 
SNEP policy analysis in two zones. An inner tier, called the 
“green” zone, merges the first two regions described in the 
first section of this paper—Community Influence and Energy 
Influence regions. The height of one tree is approximated by 
designating the width of this area as 150 feet on each side of 
the stream. The outer tier, corresponding to the Land Influence 
Region, is represented in this model’s variable-width “grey” 
zone. While the width of this outer tier should depend on soils 
information and slope, our analysis is using only slope data 
since a complete soils coverage for the entire Sierra is not 
currently available. 

In these policy analyses, ERA goals and limits are 
expressed in two ways. First, disturbance limits based on the 
ERA approach of assessing watershed disturbance constrain 
road building and harvest-related management activities 
within each riparian zone in the various management 
strategies (see Sessions, et al. 1996). Second, late- 
successional goals for the forest in each zone are set using the 
LS/OG rank system developed by Franklin and Fites (1996). 


Rules for determining the buffer widths of the 
variable “grey” zone 


Buffer calculations assume streams are without associated 
wetlands or aquatic habitats that would expand beyond the 
narrowly defined “streambank” zone. Consideration of such 
habitats in our model would require collection of additional 
information on the extent of the wetland and would 
development of new rules for computing the buffer. While this 
important information for site-specific management it is not 
available at the Sierra-wide scale of SNEP analysis and would 
probably have a marginal effect on model outputs. For these 
reasons all streams are considered to be confined to their 
banks. 

The minimum width of a outer riparian buffer (grey 
zone) is 150 feet. This distance is a first approximation of the 
distance needed to provide a supply of terrestrial energy 
sources, large wood, and a minimum amount of habitat for 
riparian-dependent species. In no case would the grey zone be 
smaller than the green zone. 

Buffer width is determined based on this weighted slope 
average (see Kondolf, et al. 1996; Kattelmann and Embury 
1996): 


Buffer zone (ft)=(150)e*!"" 


Steepness of the slope perpendicular to stream segments 
is determined by calculating a weighted average of five slope 
segments generated from Digital Elevation Model (DEM) 
data. These segments, in 30 m increments, stretch out to five 
units (150 m) from the watercourse. The zone closest to the 
stream is weighted 5, the next is 4, and so on until the most 
distant slope segment being weighted 1| in order to emphasize 
that slope closest to the stream has the greatest effect. Slope is 
used in decimal form of percentage. An 18% slope, for 
example, would be 0.18. 

If soil and geological hazard data (k) values of 
detachability are available for the particular forest being 
modeled, then the exponential portion is modified by e***, 
Subtraction of the probability cross-product is a common 
correction term to multiple probability-type exponential 
functions, for example, two forms of population mortality. 


ERA limits in the different zones 


Why this model does not use a traditional Threshold 
of Concern (TOC) 


Due to a lack of geomorphologic and soils information current 
data is insufficient to determine traditional Natural Sensitivity 
Indices and corresponding Thresholds of Concern (TOC) for 
each CalWater Planning Watershed in the Sierra Nevada. If 
thresholds of concern had been developed by the Forest 
Service or other agencies for each watershed in a consistent 
fashion we could use this data. Since the federal agencies have 
not yet completed these analyses, however, we decided to treat 
the landscape in a slightly more uniform fashion. Because 
SNEP is not attempting to develop a comprehensive 
management plan but is attempting to paint a broad picture of 
the current state of the Sierra and assess different strategies 
projected into the future, a looser approach, which does not 
consider site-specific sensitivity data from each individual 
watershed, has been deemed acceptable by the team. The 
mean result of many watersheds should be similar to an actual 
analysis of many watersheds averaged. Hence, for modeling 
purposes, activity will be limited by standard ERA limits 
(ERAL), and not TOCs established for each watershed as is 
done by the Eldorado National Forest. 


Limits on Watershed Disturbance being considered 
in this modeling effort 


The ERA method, as implemented by the Eldorado National 
Forest, is non-spatial. No distinction is made between impacts 
that are close to the stream and those far away that probably 
have less effect on in-stream conditions. Unfortunately, little 
research has been done to link %ERAs to in-stream conditions 
for entire watersheds. Studies that have attempted to link 
ERA levels from entire watersheds—including uplands—to 
in-stream conditions have not found distinct and consistent 
relationships. 

A series of studies by D. C. Erman with his students and 
colleagues were recently re-analyzed by McGurk and Fong 
(1995) and a positive correlation was found between % ERA 
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levels within 100 meters of first and second order streams and 
in-stream invertebrate diversity. The ERA system used is 
comparable to the one being adapted from the Eldorado 
National Forest for use in this model (McGurk, personal 
communication 1995). In McGurk and Fong’s analysis, a 
%ERA of fifteen percent inside the 100m buffer strip 
represents the point at which the Shannon-Weaver 
Biodiversity Index for in-stream invertebrate diversity drops 
by 50%. The index begins dropping noticeably around 5% 
ERA. 

Based on this finding, we developed the spatially- 
sensitive tiered riparian buffer system described in this paper 
that is used to analyze ERA impacts first in the inner “green” 
zone, second in the “grey” zone, and third in the uplands of 
the watershed. This system serves two vital functions. First, 
this approach more closely approximates the aquatic and 
riparian ecological regions described in Section I than does the 
traditional ERA approach. Second, the system allows better 
consideration of the distance between a road, fire, or harvest 
and the stream that the activity might affect with respect to 
McGurk and Fong’s finding (1995). Our vegetation dynamics 
model can then limit activity in watersheds or LS/OG 
polygons with an allowable ERAL in each of these three 
zones. 

Aquatic and riparian systems are most influenced by 
activity close to the stream itself. Hence, the strictest limits on 
watershed disturbance are in this inner green zone. An 
intermediate ERAL is set for the grey zone and a more 
permissive ERAL is established for the outer zone. As a result 
of McGurk and Fong’s analysis, we have established an initial 
ERAL for the green zone of 5%. The green zone is 150 feet, or 
approximately 46%, of the 100m buffer assessed in the 
McGurk and Fong analysis. An intermediate limit of 10% has 
been established for the broader grey zone and 15% has been 
set for the uplands. 

On the Plumas and Eldorado National Forests the green 
zone occupies 13% of the landscape, the grey zone 33% and 
the uplands contain the remaining 54% (see Sessions, et al. 
1996). With ERALs as described above—5%, 10%, 15%—in 
the three zones, the overall average %ERA across the forest is 
12%. 

In comparison, the Eldorado National Forest has TOCs— 
the equivalent of the ERAL we are using—averaging 12.0% 
for entire watersheds. The watersheds range from 10 to 18% 
with very few watersheds across the entire forest rated higher 
than 14% (Data were supplied by Eldorado National Forest 
which determined TOCs for ninety-one of 153 watersheds). 

In preliminary analyses of SNEP projections of harvest 
management the ERA limits (ERAL) were found to greatly 
constrain the range of possible outcomes (see Sessions, et al. 
1996). In order to explore a wide range of forest policies, we 
therefore examined several ERAL sets with different limits. 
Three different ERAL sets are analyzed to determine the 
degree to which they affect the quantity of roads, timber 
harvest and other activities in the watershed. The second set of 
limits, meant to simulate more permissive timber harvest 


activities as might exist on private lands, is 5% higher in each 
zone: 10%, 15% and 20%. Across the entire forest these 
limits would average 17% per watershed. The third ERAL set, 
intended to simulate a very protective strategy, has limits of 
5%, 5% and 10%. These limits were examined on all 
watersheds in the Eldorado and Plumas National Forests 
where they average 7.7%. 

ERA coefficients also were modified by the SNEP 
project. We added a grazing coefficient (Table 6, part V), 
revised fire coefficients to reflect ground fire intensity instead 
of canopy coverage remaining (Table 6, part IV), and added a 
steepness factor of 1.5 for transportation systems on slopes 
over 40% (Table 6, part I; see Sessions, et al. 1996). 


Assumptions about private lands 


Many watersheds along the Forest boundary contain a mix of 
ownerships. In these cases, federal land management may be 
limited due to cumulative effects from harvest activities on 
private lands. The opposite is possible, as well, but is probably 
the exception. 

SNEP has little information about the current condition of 
private lands in the Sierra Nevada. Many federal land 
managers involved in assessing cumulative effects, however, 
feel that private lands are significantly more impacted than 
federal lands. Since SNEP has little direct data on watershed 
disturbance on private lands we are making some educated 
assumptions. 

For the current condition on the upland regions of non- 
federal lands we are assuming an average ERA coefficient of 
0.20. This assumed coefficient could result from any of a 
number of probable ERA coefficient combinations. For 
example, an ERA coefficient of 0.20 could be derived from 
an average condition of a 20 year old mechanized pile and 
burn operation (rated 0.05 after 20 years) combined with a 20 
year old overstory removal harvest (0.10) and a background 
road density of 1/20th acre of road per acre. Similarly, an ERA 
coefficient of 0.20 per acre could represent an uniform 
condition of an overstory removal operation (0.20) with no 
other effects. Several scientists and managers familiar with the 
Eldorado ERA method think these assumptions represent a 
crudely appropriate assessment of conditions in the uplands in 
private lands. In comparison, the analysis above, of the second 
proposed ERAL set, yields an average ERA of 17% on the 
National Forest lands if ERALs are set at 10%, 15% and 20%. 

The California Forest Practice Rules provide for more 
protection for aquatic and riparian systems than for the 
uplands (see Menning, Johnson & Ruth 1996). Since much of 
the private land acreage in the Sierra is commercial 
timberlands these rules apply to harvest activities on these 
lands. The more restrictive nature of the riparian rules are 
estimated to prohibit activities that would exceed a %ERA of 
10%. The exception would be where roads historically were 
built in the narrow riparian zone before regulations 
constrained the development of roads in these sensitive 
regions. 
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Table 6: SNEP ERA coefficients based on Kuehn and Cobourn (1989) 


: Activity or Impact Years since impact 
1 2 5 10 20 50 
i L Transportation system (multiply road coefficients by 1.5 when slope is > 40%)* 
i A. System & non-system roads and landings 
1. good drainage 1.0 1.0 1.0 1.0 1.0 1.0 
2. poor drainage 5 Fixing road during problems associated with ditches, 
culverts, etc.: coefficients return to 1.0 
3. diversion potential 2.0 Same comment as above 
B. Abandoned roads and landings 1.0 0.9 0.9 0.8 0.8 0.8 
C. Trails (recreational) 1.0 1.0 1.0 1.0 1.0 1.0 
D. Ripped and obliterated roads and landings 0.4 0.3 0.3 0.2 0.1 0.1 


IL. Silvicultural system 
: A. Tractor (includes impact due to skid trails) 


1. Clearcut and seed tree 0.25 0.24 0.20 0.15 0.10 0.08 

2. Shelterwood 0.22 0.20 0.15 0.10 0.10 0.08 

3. Overstory removal 0.20 0.16 0.12 0.10 0.10 0.08 

4. Sanitation / Salvage 0.15 0.10 0.08 0.05 0.05 0.04 : 

5. Selection / Thinning (Selection/Thinning as Due to the absence of clearcuts in the SNEP model, heavy selection cuts } 
modified by SNEP) are projected. Coefficients vary between 0.08 and 0.2 based on the 


amount of timber removed. These coefficients taper off over time (see 
Sessions, et al. 1996) 


B. Cable 
1. Clearcut 0.15 0.14 0.10 0.05 0 0 
2. Overstory removal 0.10 0.06 0.02 0 0 0 
C. Helicopter 
1. Clearcut & seed tree 0.10 0.09 0.05 0.02 0 0 
2. Overstory removal 0.05 0.05 0.05 0 0 0 
3. Sanitation / Salvage 0.02 0 0 0 0 0 
4. Selection / Thinning 0.05 0.02 0.01 0 0) 0 
i III. Site preparation method 
i A. Mechanized 
1. Pile & Burn 0.15 0.12 0.10 0.05 0.05 0.05 
2. YSM Tractor 0.10 0.08 0.05 0.03 0.03 0.03 
3. YSM cable 0.05 0.02 0 0 0 0 
4. Crush / Chip 0.04 0.02 0.02 0.02 0.02 0.02 
B. Non-mechanized 
1. Broadcast burning L-M 0.08 0.05 0.02 0 0 0 
2. Hand pile & burn 0.05 0.02 0 0 0 0 
3. Lop & scatter slash 0 0 0 0 0 0 
C. Herbicides 0 0.05 0 0 0 0 
D. Rip / obliterate skid trails -0.08 -0.08 -0.08 -0.08 -0.08 -0.08 
E. Hand grubbing 0.10 0.05 0 0 0 0 
i F. Disc (not plowed) 0.07 0.05 0.02 0 0 0 
i IV. Wildfire as modified by SNEP (multiply fire coefficients by 1.5 when slope is > 40%)* 
A. flame length 212’ 0.2 in 0.075 in 0.025 in Oin 
periodl _period2 _period3 __period4 
B. flame length 28’ 0.102 in 0.025 in Oin 
periodl — period2 __ period 3 
C. flame length 24’ 0.005 in Oin 
period1l period 2 
eu Og GET Aan GIES. ccaga ee er en eres Ce Carer 


(based on Kuehn and Cobourn 1989; also see Carlson & Christiansen i503)" 


* All the items in italics—selection harvest, grazing coefficients and corrections for slopes over 40%—are SNEP 
modifications to the Eldorado method based on (1) meetings of cumulative watershed specialists convened by the Sierra 
Nevada Ecosystem Project in May, 1995, and (2) subsequent analyses by Sessions, et al. (1996). 


47 


Modeling Aquatic and Riparian Systems, Assessing Cumulative Watershed Effects, and Limiting Watershed Disturbance 


In an analysis of road densities in the inner “green” 
riparian zone on private lands within the Eldorado and Plumas 
National Forest boundaries we found that roads contributed 
approximately 1.7% to %ERA in these non-federal inner 
riparian zones. Assuming that %ERA in riparian zones is high 
where there are roads located near the stream and very low 
where roads are not placed in the riparian zone we have 
assigned different %ERA contributions to these differently 
impacted riparian zones. In riparian areas with roads within 
150 feet of the stream the model assumes a %ERA of 18% 
based on the following data: roads represent an average 30 
foot strip within the 300 foot buffer, or 10% (coefficient 0.10); 
typical low-level harvest activity such as selection harvests 
contribute about 8% (0.08) for a total of 18% (coefficient of 
0.18). In riparian areas without roads within 150 feet of the 
stream we assume an average selection harvest % ERA of 8% 
(coefficient of 0.08) from an average background of 50 year 
old selection and thinning harvest. 

In sum, for private lands, we assume an average %ERA 
within the inner riparian zone of 18% if there is a road within 


this zone; 8% if no road is present; and in the uplands we 
assume a uniform 20%. 


An example of a Cumulative Watershed 
Effects analysis using the modified ERA 
method 


In contrast to the non-spatial ERA calculation provided earlier, 
SNEP’s analysis explicitly takes into account the location of 
watershed-disturbing activities relative to the riparian zones. 
For example, In this case the ERA ranges from 7.3% in the 
upland areas to 6.8% in the grey zone to 5.5% in the inner 
green riparian zone. Thus, our approach allows us to consider 
the proximity of sources of cumulative effects in relation to 
the streams they affect. We can use this method to both assess 
current condition, as we have in this example, or to determine 
whether future activities will exceed thresholds. In this case 
we might specify that future activities must occur in the 
uplands and not in either of the riparian zones. 


Figure 3: SNEP ERA Method: calculation of ERA with inner and outer riparian zones 


Watershed A 
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Table 7: Modified ERA Method: Inner riparian “green zone’—500 acres 


extent in 
this zone 
(acres) 


description extent in 
this zone 


learcut—100 acres, 2 years old 


ile and burn tractor treatment 
verstory removal—200 acres, first year 


| 
a 
|6 | 
|8 | 


Road System—good drainage, 20 acres 


Crown fire—5 years old, 500 acres (flame length 14’) 
Clear cut & seed tree cut—300 acres, 50 years old 


ipped and obliterated road—10 acres, 50 years old 


%ERA calculation 67.5 / 1000 = 6.8% 


Table 9: Modified ERA Method: Uplands—2000 acres 


ere 
acres) (from tab. 6) 
a a (| |e 
[2 | Clearcut—100 acres, 2yearsold_ 9H 
| | pile and burn tractortreatment 
Overstory removal—200 acres, first year 
| | broadcastbum 9S BSH 


16 | Crown fire—S5 years old, 500 acres (flamelength 14°) | 200 | 2 
|8 | Ripped and obliterated road—10 acres, SO yearsold | OP 
tote 9635 

%ERA calculation 
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IV SUMMARY 


The SNEP policy analysis team has considered a number of 
Cumulative Watersheds Effects analysis methods and has 
chosen to adopt and modify the ERA approach because this 
method (1) is a useful accounting system for tallying and 
limiting disturbance within watersheds; (2) has been tested 
and implemented in the Sierra Nevada by federal agencies and 
has been approved for use by the state of California; (3) has 
been linked to in-stream levels of biological diversity; (4) 
allows for spatially-sensitive consideration of watershed- 
disturbing events; and (5) permits inclusion of road, fire, slope 
and grazing factors in assessing cumulative effects. Although 
our application of the modified ERA method is imperfect and 
lacks site-specific information about the natural sensitivity of 
watersheds, it allows us to model a large-scale region—a 
range of mountains as large as the Sierra—and can help 
allocate and limit management activities to individual 
watersheds within that large area. 

In addition, this ERA methodology sets up a new 
approach to riparian buffers, breaking from the traditional 
approach of having larger buffers as the stream gets larger. 
The approach in this model is rooted in the theory that as 
streams get smaller the zone that influences them grows 
larger. Such a strategy should help to ensure that (1) streams 
get functional energy and nutritional inputs from riparian 
zones; (2) riparian habitat is maintained for transitory and 
obligate species; (3) steeper slopes are more protected from 
timber-harvest activity; and (4) in-stream aquatic biodiversity 
is minimally impacted. 
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ALTERNATIVE APPROACHES TO CONSERVATION 
OF LATE-SUCCESSIONAL FORESTS IN THE SIERRA 
NEVADA AND THEIR EVALUATION' 


Working Group on Late-Successional Conservation Strategies 


INTRODUCTION 


Documentation of the distribution and condition of 
old-growth forests in the Sierra Nevada and advice 
regarding the management of this resource is an 
explicit responsibility of the Sierra Nevada Ecosystem 
Project (SNEP). The United States Congress provided 
this direction in language that was a part of two bills in 
the House of Representatives in 1992 (see Appendices 
A and C in Sierra Nevada Ecosystem Project (1994)): 
HR 5503 (passed) called, in part, for a “scientific 
review of the remaining old growth in the national 
forests of the Sierra Nevada ... ”; HR 6013 
(proposed) called, in part, for "recommendations of 
alternative management strategies to protect and 
enhance late-successional forests and their 
dependent and associated species, including a 
determination of whether late-successional reserves 
are necessary ... and if such reserves are necessary, 
what lands should be included in such reserves." 

The linkage between these two bills was stated in 
the charge from the SNEP Steering Committee to the 
SNEP Science Team: “The Forest  Service’s 
recommended approach is to develop a study based on 
achieving the general requirements of HR 5503 and 
attempt to meet the intent of the ecosystem study 
established in HR 6013 (Appendix E of the Sierra 
Nevada Ecosystem Project (1994)).” To fulfill this 
responsibility, SNEP is committed to design and 


evaluate a range of strategies with regards to whether 
they provide: 1) sufficient, well-distributed, high- 
quality LS/OG forest to sustain the organisms and 
functions associated with such systems; and 2) 
conditions that facilitate connectivity for organisms 
moving between LS/OG forest areas. Some conceptual 
development needs to precede such evaluations, 
however. 

Before commencing the design of a conservation 
strategy the objectives and critical elements for such a 
strategy need to be explicitly identified and their 
importance evaluated. Critical elements of a 
conservation strategy for late-successional and old- 
growth (LS/OG) forests were the topic of a Sierra 
Nevada Ecosystem Project working group that met in 
Corvallis, Oregon on December 7, 1995 and January 
18, 1996. The objective of this working group was to 
develop a _ basic framework for evaluating the 
effectiveness of alternative conservation strategies 
that have been or will be proposed for late- 
successional forests in the Sierra Nevada. 

Questions that emerged in the working group as 
central to the design and evaluation of conservation 
strategies for LS/OG forests in the Sierra Nevada were: 
1. Do distribution and quality of LS/OG forests need 

to be an explicit management objective? 

2. Is it important to retain existing high-quality 

LS/OG forests as part of a conservation strategy? 
3. Is there a need for large blocks of high-quality 

LS/OG forest habitat? 


"Sierra Nevada Ecosystem Project: Final Report to Congress, Addendum. Davis:University of California. Centers for Water and Wildland Resources. 1996. 


53 


54 


ADDENDUM 


4. Is it important to have a well-distributed and 
representative system of LS/OG forest areas? 

5. Do conservation strategies need to be spatially 
explicit? 

6. Are the matrix and connectivity between high- 
quality LS/OG forest areas important? 

7. Is restoration an important part of a LS/OG 
conservation strategy? 

8. Are reserves important to the conservation of 
high-quality LS/OG forests? 

Participants in the workshop considered each of 
these issues and reached conclusions which are briefly 
presented in the following sections. 

Conservation strategies covering a spectrum of 
approaches which have been developed by SNEP and 
others are presented in the second section of the 
report. Although some of these strategies were 
initially identified with individuals, they are 
restructured here to illustrate the consequences of 
general and recognizably different strategies. 
Additional approaches to conservation of LS/OG 
forests can be created by mixing the strategies 
presented here in order to integrate the positive 
features from several strategies. 

The commercial forests found on both slopes of 
the Sierra Nevada are the primary focus for this paper, 
specifically: 1) yellow pine forests (characterized by 
ponderosa or Jeffrey pine); 2) mixed-conifer forests 
characterized by sugar pine, ponderosa pine, white fir, 
incense-cedar, and Douglas-fir; and 3) white fir and red 
fir forests characterized by white fir and California red 
fir, respectively. These forest types provide the 
majority of structurally-complex forests in the Sierra 
Nevada and they are the ecosystems where conflicts 
between timber production and environmental values, 
such as protection of watershed integrity and 
conservation of forest-dwelling species, are most 
intense. Subalpine forests, low-elevation woodlands 
and savannas, and pinyon-juniper woodlands are not 
emphasized. The nature and significance of late- 
successional conditions are poorly understood for 
these forest types and, in any case, they generally 
provide few of the structurally complex forests which 
are characteristic of more productive habitats. In 
addition, general management objectives have largely 
been determined for subalpine forests because most of 
them have already been included in national parks and 
wilderness. 

Assessments of existing LS/OG conditions and the 
ratings of structural complexity referred to in this 
report were developed by SNEP and are reported 
elsewhere (Franklin and Fites 1996). Forest structural 
complexity is ranked from no contribution (0) to very 
high contribution (5); structural features incorporated 
in the rankings are weighted to those features 
characteristic of late-successional forests, such as large 


diameter trees, snags, and logs. Ratings used in this 
analysis are based upon a single, Sierra-wide structural 
standard for all forest types and not on the "series- 
normalized" approach in which separate structural 
standards are created for each major forest type; i.e., 
structural standards were constant rather than relative 
to forest type. The working group felt that the 
Sierra-wide structural ratings provide the clearest 
perspective on overall forest structural conditions in 
the Sierra Nevada whereas ratings according to the 
series-normalized standard can be misleading as to the 
real extent of forests with high levels of structural 
complexity. For example, the best of the structurally 
complex subalpine forests (rated 5 by a series- 
normalized standard) are far simpler in structure than 
even moderately complex forests in the mixed-conifer 
zone. For more detail on the scheme for structural 
assessment and rating, see Franklin and Fites (1996). 


This paper is divided into sections outlining: 1) 
important principles in design of an LS/OG strategy 
and 2) evaluations of alternative LS/OG strategies 
which have been proposed. Design criteria and the 
evaluation are based on_ available — scientific 
information and on logical inferences from this 
information base. The focus is on ecological criteria 
although there are important social issues involved in 
the selection of a strategy, such as the consistent 
availability of funds needed to carry out management 
activities such as prescribed burning. 


PRINCIPLES: WHAT ARE THE 
IMPORTANT CONSIDERATIONS? 


High-Quality LS/OG_ Forests as a 
Management Objective 
Does the maintenance of high-quality 


LS/OG forests need to be explicitly recognized 
as a management objective or can it be achieved 
peripherally through programs or _ policies 
focused primarily on other objectives, such as 
management of the California spotted owl, 
maintenance of forest health, production of timber, or 
provision of dispersed recreational activities? This is, 
perhaps, the simplest of the questions addressed in this 
paper. The best way to insure that LS/OG forest 
conditions of the desired quantity and quality are 
maintained in the Sierra Nevada is to have such a goal 
explicitly stated and addressed as a part of any 
management strategy. It is unlikely that such forests 
will be present in the landscapes of the Sierra Nevada 
at desired quantities and qualities as a by-product of 
other management objectives. For example, plans 
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which provide for habitat needs of the California 
spotted owl may not provide for maintenance of 
significant amounts of intact undisturbed LS/OG forest 
even though such forests typically provide excellent 
habitat for the species (Verner et al. 1992). Even in 
national parks, maintenance of high-quality LS/OG 
forests will not necessarily result from recreationally- 
oriented management objectives; indeed, without 
explicit recognition of the LS/OG objectives, such 
conditions could be lost such as by the removal of dead 
and decadent trees. 

Society has clearly indicated an interest in LS/OG 
forest ecosystems for their intrinsic values, including 
habitat for associated species and processes, as 
evidenced by the congressional request for this study. 
Yet, management scenarios have been and continue to 
be proposed for the Sierra Nevada (e.g., USDA Forest 
Service 1995) which do not specifically provide for 
maintenance of blocks of high-quality LS/OG forests 
as an objective. 

We conclude that the _ objective’ of 
maintaining high-quality LS/OG forests needs 
to be explicitly recognized as an important 
element of a conservation strategy for late- 
successional forest ecosystems in the Sierra 
Nevada. 


Retention of Existing High-Quality LS/OG 
Forests 


Is it important to retain existing high-quality 
LS/OG forest areas as a part of a conservation 
strategy? A recurring question in development of 
conservation strategies is the importance of existing 
areas of high conservation value, particularly in 
relation to the alternative of creating such forest in 
other areas which are currently of lower quality. 
Reasons for proposing such shifts include concerns 
with: 1) the geographic distribution or ecological 
representativeness of existing LS/OG forest areas; 2) 
anticipation of loss of areas to disturbance processes 
(such as fire); and 3) possibility of utilizing valuable 
commodities, such as the large-diameter trees found in 
high-quality LS/OG forests. 

Existing high-quality LS/OG forests in the Sierra 
Nevada are important because: (1) such forests are 
very limited in extent, particularly for commercially 
important forest types (Table 1) (Franklin and Fites 
1996); and (2) we do not know how to create, with 
reasonable certainty, comparable forest ecosystems. 
For example, high-quality westside mixed-conifer 
LS/OG forests (structural classes 4 and 5) are estimated 
to cover only about 16 percent of the Sierra Nevada 
(Table 1); old-growth yellow pine forests contain less 
than 2 percent high-quality LS/OG forests (Table 1). 


These levels are far below the levels of high-quality 
LS/OG forests that are believed to have been present 
prior to western settlement (Franklin and Fites 1996). 
Hence, high-quality LS/OG forest ecosystems are a 
scarce resource within the commercial forest types of 
the Sierra Nevada. 

Re-creation of comparable forests--meaning 
complete LS/OG forest ecosystems--through 
silvicultural treatments is theoretically possible but 
highly conjectural given our level of knowledge about 
late-successional forest ecosystems (Sierra Nevada 
Ecosystem Project 1996) and the very long time 
periods required for development of some of the 
structures. If such forests were composed solely of 
large-diameter trees and the snags and logs derived 
from them, creation of high-quality LS/OG forest 
habitat might be relatively straightforward. In fact, 
such ecosystems involve thousands of organisms and 
processes mostly unknown both as to kind and 
importance. Spatial patterns in_ structures and 
organisms--and their ecological consequences--are also 
unknown, particularly below ground and_ within 
canopies. Hence, for the foreseeable future, any 
conservation strategy based upon re-creation of high- 
quality LS/OG conditions has very high levels of 
uncertainty regarding its effectiveness--it is a high risk 
strategy. A strategy of retaining existing high- 
quality late-successional forest ecosystems has 
the highest probability of providing for 
organisms and types and rates of processes 
characteristic of these forest ecosystems-- 
recognized and unrecognized. 

Even with greatly improved knowledge about 
forest ecosystems and development and 
implementation of appropriate silvicultural 
prescriptions, long periods (one to two centuries at a 
minimum) would be required for development of fully 
developed, high quality LS/OG conditions. Hence, in 
the short term, the only way to be assured of fully- 
functional LS/OG forest ecosystems is by retaining the 
remaining areas of such forests. 

Creation of a completely managed "shifting 
mosaic" of "old-growth" forests is sometimes 
proposed as an alternative to retention of existing 
LS/OG forests on the basis that existing LS/OG forests 
will, at some point, be destroyed by a catastrophic 
event. Putting aside the questionable assumption that 
we know how to create high-quality LS/OG forests 
through silvicultural treatment (preceding paragraph), 
shifting-mosaic proposals generally do not recognize 
the reality that natural catastrophic disturbances are 
not likely to occur at designated locations within the 
"regulated" landscape, i.e., 
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Table 1. Percentage of total acres for each major commercial 
(range-wide structural standard); calculated from acreages of pol 


forest type in the Sierra Nevada by late successional structural ranking 
ons of different structural ranks assigned to these forest types. 


FOREST TYPE AGENCY* TOTALA 


Westside Mixed Conifer 


Red Fir 


White Fir, 


Eastside Mixed Conifer 


Eastside Pine 


Structural Ranks 
CREAGE 


3,053,628 
242,369 


3,295,997 


1,169,040 
257,852 


1,426,892 


754,671 
8,655 


763,326 


1,735,570 
7,069 


1,742,639 


* NF = National forest lands plus 16,483 acres administered by Bureau of Land Management. NP = National park lands. 


within the locations selected for harvest or managed 
"rotation" of stands. Hence, the total acreage-- 
meaning the collective area within the region being 
planned--allocated to a desired LS/OG condition must 
be sufficient to maintain the viability of the LS/OG 
system in the face of probable losses to catastrophic 
events. If losses of LS/OG forest to natural 
disturbances are not considered, catastrophic events in 
the regulated or shifting-mosaic landscape will, at 
some point, reduce the acreage of high-quality LS/OG 
below minimum desired levels. 

We conclude that retention of existing high- 
quality LS/OG forest areas is an important part 
of a conservation strategy for late-successional 
forest ecosystems in the Sierra Nevada for the 
foreseeable future. Only these forests will have 
a high probability of incorporating the 
organisms, structural features, and processes 
characteristic of complete LS/OG ecosystems. 


Provision for Large Blocks of LS/OG Habitat 
and Incorporation of Ecosystem Dynamics 


Are large blocks of high-quality LS/OG 
habitat an important part of a conservation 
strategy? A recurring question in development of 
LS/OG conservation strategies is whether large blocks 
of contiguous LS/OG forest (e.g., several hundreds to 
thousands of acres) are important or whether required 
conditions can be achieved in smaller blocks (e.g., tens 
to a few hundred acres) of comparable aggregate 
acreage. To an extent, this is a replay of the classical 
"SLOSS" question in conservation biology--"single 
large or several small reserves" (Noss and Cooperrider 
1995). As will be seen the large block issue involves 
operational (management) as well as_ biological 
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concerns. We begin with the observation that large 
contiguous areas of high-quality LS/OG forests 
did occur in the presettlement landscape of the 
Sierra Nevada. Many LS/OG forests in the Sierra 
Nevada are complex fine-scale mosaics of varied stand 
structures, including areas of both low and high 
overstory densities. It is often assumed that high- 
quality LS/OG forests consist only of those portions 
dominated by large trees. However, high-quality 
LS/OG forests actually incorporate the full range of 
vertical and horizontal structural heterogeneity 
represented in the mosaic (Figure 1); many high- 
quality LS/OG forests are not just the areas dominated 
by closed canopies or large, old trees. It is important 
to note that the relatively open patches typical of 
natural forests are generally smaller (e.g., 0.01 to 0.5 
ha) and retain more structural complexity (snags, logs, 
and larger trees) than openings created by traditional 
group selection harvest prescriptions. Representative 
large LS/OG forest blocks can still be observed at some 
locations in the Sierra Nevada, such as at lower 
elevations in the South Fork of the Tuolumne River in 
Yosemite National Park. 

We can infer from the presettlement occurrence 
of large contiguous blocks of high-quality LS/OG 
forests that organisms or processes may exist in the 
Sierra Nevada that prefer or require such 
conditions. Are we currently aware of organisms, 
processes, or conditions that require larger 
contiguous blocks of high-quality LS/OG forest 
habitat or, insofar as we are aware, can all 
species requirements be met with a system of 
small 


blocks? In the Sierra Nevada there is no scientific 
consensus on this issue. Neither the interim strategy 
adopted for the California spotted owl (Verner et al. 
1992) nor Alternatives C (original preferred) and D 
(reportedly as ultimately selected) in the California 
Spotted Owl EIS (USDA Forest Service 1995) provides 
for large intact blocks of old-growth forest; the 
inference is that no featured species require large 
blocks of late-successional forest. This is an 
assumption, however; Graber (1996) and Verner 
(personal communication) have both noted that a 
habitat requirement for large blocks of LS/OG forest 
neither has been proven or disproven for vertebrate 
species in the Sierra Nevada. Hence, any vertebrate 
management policy which does not provide for large 
contiguous blocks of LS/OG forest incorporates 
significant uncertainty regarding its effectiveness. 

A general principle in conservation biology is that 
"large blocks of habitat, supporting multiple pairs [of 
target species] are superior to small blocks of habitat 
with only one or a few pairs" (Thomas et al. 1990). 
In the case of the Sierra Nevada there is some 
evidence that some vertebrates may require large 
blocks of late-successional forest habitats for their 
long-term persistence. For example, demographic 
model simulations indicate that the California spotted 
owl consistently persists longer using a conservation 
strategy with fewer large reserves (sufficient 


Figure 1.--Cross-section of a typical westside mixed-conifer old-growth forest ecosystem illustrating the 
structural complexity and spatial patterning (horizontal heterogeneity) typical of high-quality 
(structural classes 4 and 5) old-growth forest ecosystems. 
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for 10-20 owl pairs) than with many small reserves 
(sufficient for 1-3 owl pairs) (Andersen and Mahato 
1995). Similarly, there is a substantial body of 
scientific evidence and opinion that some furbearers, 
including fisher, marten, and wolverine, require large 
blocks of LS/OG forest for their survival (see 
statements by Powell, Kucera, and Barrett in Yassa 
and Edelson 1994). Their occurrence is related to 
overall stand structural conditions, such as dense 
multi-storied canopies, as well as to an abundance of 
individual structures, such as large trees, snags, and logs 
(e.g., see Allen 1983). Furthermore, these species 
have relatively large home ranges and may be 
relatively sensitive to habitat fragmentation by roads 
and large openings, although, again, evidence is mixed. 
Blocking effects of roads and other small linear 
clearings on movements of organisms, whether for 
foraging, migration, or dispersion, is distinct from but 
related to provision of large blocks. Roads and other 
small linear clearings are likely to be less common in 
large blocks managed for LS/OG habitat than in more 
fragmented landscape designs. 

Large LS/OG blocks are important to ensure that 
complete landscape units--and their associated genetic 
and ecologic variability--are incorporated within the 
LS/OG conservation strategy. Larger blocks will 
incorporate forests on various landforms, slopes, and 
aspects as well as gradients or "catenas" extending 
from riparian zones to hot, dry slopes and ridgetops. 
Entire vegetation mosaics, including the ecotones or 
transitions between major plant communities, can be 
readily incorporated. This is important to ensure that 
patterns of genetic and ecosystem variability are 
present as well as to provide for organisms and 
processes found primarily in ecotonal areas. 

Large LS/OG blocks are important to incorporate 
natural patterns of disturbance and successional stage 
resulting in the complex mosaics typical of high- 
quality LS/OG forests. Frequent, light to moderate fire 
is probably the most common disturbance in these 
forests and is important in creating small openings as 
well as reducing overall stand densities. Fire is 
probably also important in maintaining habitat for 
many organisms, from microbes and fungi to vascular 
plants and vertebrates, and in energy and nutrient 
cycling processes. Provision for fire, either by 
prescription or managed wildfire approaches, is easier 
with large management units, especially units which 
incorporate natural boundaries such as ridgelines. 
Large areas are also needed to provide for the vertical 
heterogeneity or patch mosaic that is characteristic of 
many high-quality LS/OG stands in the Sierra Nevada 
(Figure 1). 

Finally, large (landscape-level) LS/OG areas are 
important for practical management. Design and 


implementation of presuppression strategies, such as 
creation of shaded fuel (fire) breaks to reduce the 
potential for spread of catastrophic fire events either 
into or through areas of LS/OG forest emphasis, need 
to be carried out at large spatial scales for both 
technical and economic reasons. This is also true of 
activities within LS/OG forests, such as prescribed 
burning. Attempting to manage small areas as LS/OG 
forests can make such programs impractical. The 
importance of implementing fire management 
strategies, such as creation of fuel breaks and reduction 
of fuels by prescribed fire and silviculture, at larger 
spatial scales, is indicated by model simulations 
(Johnson, Sessions, and Franklin 1996). 

We conclude that provision for large blocks 
of LS/OG forest habitat is an important part of 
any conservation strategy for late-successional 
forest ecosystems in the Sierra Nevada because: 
1) some species may require such conditions; 2) 
large blocks did exist in the presettlement 
landscape; 3) large blocks more_ readily 
accommodate incorporation of complete 
landscape units, including ecotones; 4) large 
blocks better allow for incorporation of natural 
patterns of disturbance and complex stand 
mosaics; and 5) large blocks, bounded by 
natural topographic features, are easier to 
protect from catastrophic fire. Incorporating large 
blocks in an LS/OG conservation strategy addresses 
both the issues of: 1) uncertainty with regards to the 
effectiveness small-block management strategies, 
particularly with regards to species requirements; and 
2) the necessity for incorporating natural stand 
dynamics and reducing losses of LS/OG habitats to 
catastrophic fire. 


Provision for Representative System of 
LS/OG Areas 


Is it important to design conservation strategies 
so as to incorporate representative examples of 
LS/OG forest conditions? The major forest types 
and species of the Sierra Nevada are widely distributed 
geographically and elevationally which, in turn, 
reflects the complex environmental mosaic 
characteristic of the range. Environmental variability 
is itself associated with major variations in the genetic 
composition of constituent species, community 
composition, disturbance regimes and_ successional 
responses, and autecological responses of species (such 
as growth rates). Retaining examples of the major 
variants in these conditions is, therefore, an 
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important element of any strategy for conserving 
biological diversity. 

A conservation strategy for LS/OG forests should 
incorporate representative examples of these varied 
conditions in order to incorporate the full range of 
genetic variability as well as variation in the patterns 
and rates of ecosystem processes. There are several 
accepted ways for assessing the degree to which 
representative areas are incorporated into a 
conservation plan. For example, including examples 
of all relevant plant associations or habitat types will 
provide for much of the environmental and 
compositional variability. Another technique is to be 
sure that areas are included throughout the elevational, 
latitudinal, and longitudinal distribution of a type. 

We conclude that incorporation of a 
representative cross-section of habitat 
conditions, including different productivity 
classes and plant associations, is an important 
element of a conservation strategy for late- 
successional forest ecosystems in the Sierra 
Nevada. 


Importance of Spatially-Explicit Design 


Should conservation strategies be spatially 
explicit and, if so, why? The spatial arrangement 
of particular forest conditions or habitat is 
fundamental to understanding and assuring that a 
strategy will be functional--i.e., that it will fulfill the 
intended objectives. The importance of spatial 
context is not always fully appreciated by 
proponents of particular strategies who may 
focus simply on the amount of a given habitat 
(e.g., LS/OG forest) and not the = size, 
distribution, and landscape context of these 
habitat patches. 

Place and pattern are critical, however, with 
important elements including patch size, shape, 
distribution, and context (juxtaposition with 
other patch types) (for a generic reference on these 
issues see Forman 1995). Size and shape of LS/OG 
habitat patches influences their ability to provide 
conditions characteristic of unmodified LS/OG forests. 
If patches are too small or elongated they may be 
subject to extensive external influences--edge 
effects--from adjacent contrasting patch types (see, 
e.g., Forman 1995 and Chen, Franklin, and Spies 
1992, 1993). The level of contrast with the 
surrounding patches of habitats is also critical in 
determining the intensity and depth of edge effects; 
edge effects will be much more intense where the 
adjacent patch has a high level of contrast with the 
LS/OG forest, as in the case of a clearcut patch, than 
in cases of low contrast, as in the case of a selectively 


logged forest patch. Another contextual factor is the 
overall condition of the landscape matrix in which the 
LS/OG patch is embedded; this will be an important 
factor affecting the movement of organisms between 
LS/OG habitat patches as will be noted later in this 
paper. 

The ability to provide spatially explicit depictions 
of particular conservation strategies is also very 
important to 1) insure that a theoretical model will 
actually work in the real forestscape and 2) make 
apparent to stakeholders the actual appearance of a 
policy alternative. We are not talking about stand- 
level depictions of forest structure here, as valuable as 
they may be but, rather, the ability to display the 
geographical distribution of the various habitat 
conditions on the actual landscape over time. Maps 
or GIS depictions of this type provide a "reality" or 
reference point that is invaluable in communicating 
consequences of alternative approaches. 

Levels of uncertainty, both technical and social, 
are greatly increased if spatially explicit depictions 
cannot be produced for a particular strategy. 
Asserting that so much of a particular habitat will be 
maintained in a _ landscape without _ specific 
identification of the size, location and context of 
those patches is likely to be unconvincing to informed 
stakeholders--and appropriately so. Many of the 
problems that developed with national forest 
management plans during the 1980s resulted from the 
use of models which did not have a spatial component; 
inappropriate conclusions about achievable levels of 
allowable cuts were a common result, since spatial 
constraints on management, such as those related to 
"green-up" or cumulative watershed impacts, could not 
be assessed. 

We conclude that spatially explicit planning 
is an important part of a conservation strategy 
for late-successional forest ecosystems in the 
Sierra Nevada to: 1) ensure that the essential 
spatial pattern (including patch dimensions and 
context) of LS/OG areas can be achieved and 2) 
display these patterns for other scientists, 
decision makers, and stakeholders. Higher 
levels of uncertainty are likely to be associated 
with conservation strategies that cannot be 
displayed spatially than with those that can be 
displayed. 


Importance of Connectivity and Management 
Practices in the Matrix 


Is connectivity between areas of LS/OG forest 
necessary? Further, is the condition of the 
matrix important to LS/OG_ conservation 
strategies beyond its importance in controlling 
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connectivity? The issues of connectivity and the 
condition of the matrix are strongly related so they 
are considered together here. Matrix is defined here 
most broadly as the non-LS/OG portions of an 
existing or proposed landscape. 

Providing for connectivity--the movement of 
organisms between areas of LS/OG forest--is a critical 
element of any conservation strategy. Movement of 
organisms between habitat islands is essential to 
provide for gene flow between different populations as 
well as to repopulate patches from which populations 
are lost (Noss and Cooperrider 1994). Connectivity is 
also an issue in considering ecosystem and landscape 
responses to long-term climatic changes. In a 
landscape where habitat islands are highly 
disconnected, the ability of organisms to migrate to 
more suitable landscape areas is lost. 

Conditions in the matrix are the primary factor 
controlling connectivity in the landscape (Franklin 
1993) even though much of the focus of conservation 
biology has been on corridors, strips of suitable habitat 
connecting habitat islands (Forman 1995). Although 
corridors can be important for some organisms, the 
majority of LS/OG organisms probably do _ not 
preferentially utilize corridors; their mobility will be 
largely determined by conditions in the matrix (see, 
e.g., the reasoning of Thomas et al. 1990 and the 
Forest Ecosystem Management Assessment Team 
1993). In island biogeographic terms, if the matrix 
"sea" is deep, wide and dangerous because of 
environment or predators--connectivity will be poor; 
completely cleared areas are an example for many 
forest organisms. Alternatively, the matrix "sea" can 
be made shallower and less hostile by providing habitat 
stepping stones which provide protective cover. 
Managing the matrix to provide conditions that 
enhance movement is, therefore, a critical element of 
a conservation strategy. 

The matrix is also of critical importance in any 
forest conservation strategy quite apart from its role 
in connectivity (Franklin 1993). Many, if not most 
vertebrate species living in the forests of the Sierra 
Nevada, depend strongly upon specific structural 
features (see Graber 1996; Verner et al. 1992). This is 
equally true for many other organisms including fungi, 
invertebrates, and bryophytes. Many of these species 
can probably be sustained throughout much of their 
range within the Sierra Nevada by maintaining suitable 
structures in the matrix, providing for better 
distribution and higher population levels. This is, in 
fact, the interim California spotted owl strategy 
(Verner et al. 1992). The preferred alternative of the 
draft environment impact statement for the Sierra 
Nevada national forests (USDA Forest Service 1995) 
also assumes that habitat needs for all LS/OG-related 


species, including owls and fur bearers, can be met by 
maintaining structurally-complex managed forests. 

A further important point about sustaining many 
structurally-dependent organisms in the matrix has to 
do with their continued functioning within the 
managed forests. Many of the organisms that are 
sustained by such a strategy have important functional 
roles in the forest ecosystem. Examples include many 
invertebrate species that are detritivores and predators 
and parasites on herbivorous insects and fungi which 
are mycorrhizal associates. Maintaining populations 
of such organisms is of direct relevance in maintaining 
the health and productivity of the managed forests; 
conversely, their elimination can potentially have 
significant negative consequences. 

Large, old trees and their derivatives (large snags 
and logs) are among the most important structural 
elements needed in the matrix to provide habitat for 
an array of organisms and to facilitate connectivity 
(e.g., Verner et al., 1992, Graber 1996). These 
structures are at very low levels in much of the Sierra 
Nevada as a result of past logging activities (e.g., 
Verner et al. 1992, Franklin and Fites 1996). Hence, 
restoring such structural features to the matrix is an 
important element of any conservation strategy. Of 
course, densities of such structures did vary in 
presettlement forests and any set of goals can reflect 
such historic variability. 

We conclude’ that = stand — structural 
complexity in the matrix is an important 
element of a conservation strategy for late- 
successional forest ecosystems in the Sierra 
Nevada in order to: 1) facilitate connectivity 


between LS/OG emphasis areas; 2) provide 
sufficient dispersed habitat for species 
dependent upon  on_ individual LS/OG 


structures; and 3) sustain species and processes 
essential to long-term productivity and health of 
matrix lands. The most important structural 
elements that are needed in the matrix are 
large- diameter trees and their derivatives 
(large snags and logs). 


Provision for Restoration 


Does a conservation strategy need to provide 
for restoration of LS/OG conditions? The 
amounts of existing structurally-complex LS/OG 
forests are far below the levels that were believed to 
have been present in the presettlement landscape 
(Franklin and Fites 1996). There are lines of evidence 
that suggest that such forest structural conditions once 
occupied 2/3 or more of the Sierra Nevada landscape. 
Currently, high-quality LS/OG forests occupy only 
about 16 percent of the landscape occupied by 
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commercially important forest types (Table 1); for 
the ponderosa and Jeffrey pine types on the east side 
of the Sierra Nevada it is much less than that (Table 
1).Even more important is the fact that levels of 
structurally complex forests and of LS/OG structures 
appear to be below levels that are desirable from the 
standpoint of maintaining LS/OG-related species and 
functions. For example, structural conditions in many 
matrix areas appear too simplified to adequately 
provide for dispersed habitat and for connectivity for 
LS/OG-related organisms. This circumstance is not 
surprising given the traditional emphasis in forest 
management on simplification of forest stands. 

The removal of fire as a significant process in the 
LS/OG forests is, in itself, as important as the 
structural simplification that has occurred through 
timber harvest during the 20th century. Frequent, 
light to moderate intensity fire was an important 
process in the presettlement LS/OG forests. Fire 
control programs largely eliminated this process from 
many stands despite the numerous important roles 
that it plays in influencing stand structure and 
composition and ecosystem processes, such as nutrient 
cycling. Hence, restoration of this fire to LS/OG 
forests may be as important as restoration and 
maintenance of specific structural features. 

We conclude that restoration of LS/OG 
forest areas and of LS/OG structures in the 
matrix is an important part of any conservation 
strategy for late-successional forest ecosystems 
in the Sierra Nevada. This is particularly 
critical for the yellow pine forests found on the 
east side of the Sierra Nevada. Key structural 
elements that need to be restored are large, old 
trees, snags, and logs. Restoration of light- to 
moderate-intensity fire regimes to many LS/OG 
stands is also important. 


Role of Reserves in Conserving LS/OG Forest 
Ecosystems 


Are reserves important for conservation of 
LS/OG forest ecosystems? Discussion of this 
question must begin with clarification of the term, 
“reserve,” a word that has been used in highly varied 
ways. As used here, reserves are defined as areas where 
maintenance of high-quality LS/OG forests is 
emphasized and activities that detract from this 
objective are minimized or eliminated. 

Implicit is our usage of the term reserve is the 
notion that reserve areas would be managed 
actively to achieve the primary objective of 
maintaining high-quality LS/OG forests; i.e., 
they are not areas where all human activities 
are excluded. However, to achieve their objectives, 


managers should favor the use of the least intrusive 
methods and most natural agents, such as fire, 
consistent with the practical achievement of the goal 
of maintaining high-quality LS/OG forests. This will 
decrease the probability that LS/OG_ organisms, 
structures and processes will be lost or altered in 
reserves as a result of the unknown and unintended 
consequences of management. 

Although the most appropriate management 
activities for late-successional reserves are prescribed 
fire and managed wildfires, mechanical treatments are 
also likely to be important in some portions. These 
include forest stand thinning to reduce fuel levels and 
creation of shaded fuel breaks. Mechanical treatments 
have significant potential negative impacts on LS/OG 
forest ecosystems, however, including disturbance to 
the soil and litter layers, soil compaction, and 
mechanical damage to residual tree boles and root 
systems. The National Park Service approach to 
management of mixed-conifer and other forests in 
Yosemite and Sequoia-Kings Canyon National Parks 
provides one model (Parsons and van Wagtendonk, in 
press); while mechanical activities are not prohibited, 
fire is the preferred management tool. Mechanical 
treatment of fuels may be more critical in some 
portions of national forests than in national parks, 
such as in areas adjacent to urban developments or in 
young even-aged stands which lack _ structural 
complexity. 

In any case, management activities within reserves 
should be planned so that some significant portions 
are kept entirely free of mechanical disturbances. The 
concept of Areas of Late Successional Emphasis 
(ALSE) presented in Franklin and Fites (1996) (see 
Appendix 1) incorporates both core areas of high- 
quality LS/OG forests, where prescribed fire is the 
primary management tool, with other forest areas, 
where mechanical treatments to reduce fuels are 
allowed. 

There are, of course, a number of implementation 
issues concerning the use of prescribed fire. These 
include concern over smoke management and urban 
encroachment. Prescribed burning also has to be 
carried out repeatedly and on a large scale to be 
effective (Johnson, Sessions, and Franklin 1996) and 
this requires an adequate and stable source of funds. 

Given the notion of managed LS/OG reserves, we 
can return to the original question: does a 
conservation strategy require areas where the 
maintenance of high-quality LS/OG forests has 
priority. Our answers to earlier questions are the basis 
for a logical response. Earlier we concluded that 
important elements in a LS/OG conservation strategy 
included: 1) retention of existing high-quality LS/OG 
forests, including some larger blocks; 2) a system of 
representative LS/OG areas; and 3) a spatially explicit 
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system. To simultaneously achieve all of these 
objectives a system of LS/OG reserves is 
required, meaning a series of areas identified 
and managed so as to maintain high-quality 
LS/OG_ forest ecosystems, organisms, and 
processes. 

We conclude that reserves, defined as areas 
where maintenance of high-quality LS/OG 
forest conditions is the primary goal, are 
important elements of a conservation strategy 
for late-successional forest ecosystems in the 
Sierra Nevada. Active management of these 
"reserves" is appropriate, with an emphasis on 
use of natural agents, such as fire. 


Summary of Conclusions About LS/OG 
Strategies 


Were the federal government to adopt as a 
policy the conservation of high-quality LS/OG 
forest ecosystems important elements of such 
policy are apparent. A comprehensive strategy for 
conservation of LS/OG ecosystems would: 


Incorporate maintenance of LS/OG 
ecosystems as an explicit objective; 

Retain existing high-quality LS/OG forests; 

Incorporate large, contiguous blocks of 
LS/OG forests, to provide (1) for natural 
patterns of ecosystem dynamics and (2) 
for effective management units; 

Provide for structurally-complex conditions 
in the matrix for purposes of (1) 
connectivity and buffering of LS/OG 
forests and (2) sustaining more species 
and functions in the matrix; 

Provide for representative LS/OG areas 
which cover the range of habitats and 


conditions; 

Incorporate a_ spatially-explicit design to 
achieve both technical and _ social 
objectives; 


Provide for restoration of forest structure 
and composition where LS/OG values are 
needed but have been lost; follow the 
general rule of “keep it where you have 
it and build it where you need it’’; and 

Incorporate LS/OG reserves in the sense of 
areas where maintenance of high-quality 
LS/OG forest ecosystems is the primary 
objective. 


ALTERNATIVE DESIGNS: HOW WELL DO 


THEY COVER THE ELEMENTS? 


In this section of the report we present and evaluate a 
series of alternative conservation strategies in the 


context of the conclusions reached in the preceding 
section. As noted in the introduction our objective is 
to evaluate the effectiveness of different landscape 
designs in providing for late-successional forest values. 
It is obviously possible to modify many of these 
strategies so as to achieve more desirable outcomes or 
to produce hybrids by combining elements of two or 
more strategies. However, we have purposely tried to 
make the comparison among strategies as clear as 
possible. 

There are three parts to this section evaluating 
alternative designs: 1) Basic assumptions common to 
all designs; 2) brief description of six different 
approaches; and 3) a comparative analysis of the 
degree to which each approach--and current and 
proposed policies for federal and nonfederal lands-- 
addresses the important elements of an LS/OG 
conservation strategy as identified in the first section 
of this paper. 


Assumptions Common to all Conservation 
Strategies 


There are some general assumptions which are 
relevant to all of the strategies except where a 
particular strategy specifically excludes its application. 
First, we assume that equivalent acreages of non- 
Wilderness lands are devoted to maintenance of 
LS/OG forest habitat and, further, that the structural 
goals are comparable (structural classes 4 and 5). 
Where allocations are at the levels of patches or 
polygons we assume that a variety of stand structural 
conditions are represented. 

Second, most of the strategies presented 
incorporate some common approach to management 
of the riparian zone and the matrix. A riparian 
example might be the two-tiered approach considered 
by Sierra Nevada Ecosystem Project (1996) although 
alternative strategies are possible. Similarly, it is 
assumed that areas between LS/OG forests (the matrix) 
are managed to provide additional habitat and to 
facilitate movement of LS/OG-related organisms. 

Third, we assume that activities to maintain and 
restore LS/OG conditions will be undertaken as needed 
to fulfill the goals in each scenario. In effect, we 
assume that any technical, social, and economic issues 
associated with a scenario, such as availability of 
funds, are resolved (see discussions in Johnson, 
Sessions, and Franklin 1996). 

Fourth, all of the strategies and current and 
proposed forest policies for federal and nonfederal 
lands incorporate concerns for forest protection, 
including potential for intense, stand-replacing 
wildfire. There are substantial differences among 
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strategies in their approach to this problem, however, 
such as in the relative emphasis on reduction of fuels 
through mechanical approaches (e.g., timber harvest) 
and by prescribed fire and on the balance between risk 
of catastrophic fire and maintenance of more natural 
forest structures and processes. Model simulations 
provide some insight into these tradeoffs (Johnson, 
Sessions, and Franklin 1996). 

Finally, we assume that these general strategies, if 
actually implemented, would be open to modification 
based upon local knowledge. For example, strategies 
involving mapped LS/OG areas might undergo 
boundary adjustments based upon detailed study of 
topographic and stand conditions. 


Alternative LS/OG Conservation Strategies 


The six conservation strategies that we considered for 
LS/OG forests are presented here. Strategies labeled as 
LS/OG-based utilize the landscape polygons identified 
and mapped by SNEP (Franklin and Fites 1996) as 
basic building blocks; these polygons include patches 
with highly varied LS/OG ratings. Patch-based 
strategies do not utilize the polygons, but are, instead, 
based upon individual patches. The locations of such 
patches may be generally, but not specifically, known 
from the SNEP data on patch types developed for 
each polygon. 


1) LS/OG-Based: Areas of Late-Successional 
Forest Emphasis (LS/OG Based:ALSEs). Areas of 
Late-Successional Emphasis (ALSE) are landscape 
units based upon one or (usually) multiple LS/OG 
polygons. "ALSE" was selected as the label rather 
than "reserves" to acknowledge the need for an active 
management approach to maintenance of high-quality 
LS/OG forest ecosystems, which is a _ primary 
management objective. As is discussed below, a major 
objective in designing larger areas of LS/OG emphasis 
was creation of efficient management units, such as 
for implementing activities to reduce the potential for 
loss to catastrophic fire. This strategy is also outlined 
in Sierra Nevada Ecosystem Project (1996) as 
“Strategy 1: Areas of Late Successional Emphasis.” 
The ALSE concept incorporates within its 
boundaries areas that are effectively LS/OG forest 
reserves as well as areas that are more intensely 
managed. Approximately 1/2 to 2/3 of the ALSE 
would be zoned where management will be primarily 
by use of prescribed fire or managed wildfire and where 
mechanical disturbances will be minimized or 
prohibited. In the remainder of the ALSE area 
management could include a variety of activities such 
as prescribed fire, thinning (with or without removal 
of fuels and commercial products), and creation of 


shaded fuel breaks. Detailed management plans would 
be developed for each ALSE to reflect the specific 
goals and conditions (see Appendix 1 for an 
exemplary ALSE on the Eldorado National Forest). 

The ALSE identified in this strategy are centered 
on LS/OG polygons with high (class 4 and 5) structural 
ratings to which selected adjacent polygons are added 
to provide larger management units. Identifying 
boundaries that could be managed to reduce the 
potential spread of catastrophic fire into the ALSE 
was an important criterion. 


2) LS/OG-Based: High-Quality LS/OG Polygons 
(High-Quality LS/OG). Late-successional reserves 
in this strategy include all LS/OG polygons which 
have structural ratings of 4 and 5 plus polygons with a 
structural ranking of 3 which have >10 % patches with 
a structural rating of 4 or 5 (i.e., the highest quality 
polygons with a structural rank of 3). 


3) Partially | LS/OG-based: High-ranked 
Polygons plus Restricted Lands (Mixed LS/OG & 
Noncommercial). Late-successional reserves in this 
strategy include all polygons with high structural 
rankings (class 4 and 5) plus areas which are already 
restricted or removed from commercial timber 
production, such as steep unstable slopes and scenic 
areas. A version of this strategy has been outlined for 
the Eldorado National Forest in Sierra Nevada 
Ecosystem Project (1996) as “Strategy 3: Integrated 
Case Studies.” 


4) Patch-based. In this strategy, all forest patches 
with a high (class 4 and 5) structural rating are 
allocated to LS/OG forest conservation along with 
sufficient additional patches of medium (class 3) 
structural rank to provide an acreage equivalent to 
other approaches. This alternative is designed to 
retain all of the best LS/OG forest patches. We have 
stipulated no rule for selection among the patches 
with a structural ranking of 3, although several rules 
are possible, including sequential selection based on 
quality (i.e., grade within structural class 3) and 
geographic selection to provide either larger or more 
dispersed LS/OG forest patterns. Under this strategy 
the general location of the patches (i.e.,to the level of 
polygon) is known but not specific locations of 
patches within polygons. 


5) Distributed Fine-Scale Patches. In this strategy 
a constant percentage of each watershed with federal 
ownership in the Sierra Nevada is to be maintained in 
forest patches with complex forest structure (class 4 
and 5). The objective of this strategy is to provide a 
fully distributed system of high-quality LS/OG forest 
patches without regard to current forest condition; 
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hence, such forests would be created where they 
currently exist and eliminated where such forests are 
in excess of the target acreage. There is no 
requirement that existing high-quality LS/OG forest 
patches be retained as initial elements in 
implementing this strategy but it might be logical to 
do so. An adaptation of this strategy is outlined in 
Sierra Nevada Ecosystem Project (1996) as "Strategy 
2. Distributed Forest Conditions". 


6) Uneven-Aged Managed Mosaic. In this strategy 
the objective is to manage the entire forest mosaic so 
as to provide structurally complex forests throughout 
the landscape. A specific structural objective is to 
attain the same distribution of acres in different 
LS/OG structural rankings as under the ALSE 
approaches but without any specification with regards 
to minimum size of patches. One objective in this 
strategy is to fully display the consequences of an 
approach in which all of the forest landscape is 
ultimately harvested through a partial cutting 
approach, including all existing high-quality 
LS/OG forest. 


Analysis of Alternative Strategies and 
Critical Design Elements 


The six alternative approaches are analyzed in 
relation to important design elements for a LS/OG 
conservation strategy in the matrix provided in Table 
2. An additional element, consideration of effects on 
timber harvest levels (Allowable Sale Quantity or 
ASQ), has been added. In addition, the intersection of 
the criteria with current policies for nonfederal lands 
and current and proposed policies for federal lands are 
shown in Table 2. Current federal policies for late- 
successional forests are considered to be Alternative A 
of the California spotted owl EIS (USDA Forest 
Service 1995) for the national forests and current 
plans for the national parks; proposed policy for the 
national forest lands is considered to be a modified 
version of Alternative D and not the original 
preferred Alternative C (USDA Forest Service 1995). 
Neither current nor proposed _ federal policies 
recognizes maintenance of high-quality LS/OG forest 
ecosystems as a specific management goal although 
there are references to old-growth forests. The 
California State Forest Practices Code is the basis for 
late-successional forest policy on the nonfederal lands; 
this policy has been analyzed in detail by Menning, et 
al. (1996). The following discussion is structured 
around the design elements for a conservation strategy 
(the columns on Table 2). 


The explicit goal of maintaining high-quality 
LS/OG forests is by definition an element of all of the 
conservation strategies we outline (Table 2). 
Although current forest plans and the preferred 
alternative in the California spotted owl EIS (USDA 
Forest Service 1995) do address forest-dependent 
wildlife they do not explicitly address the goal 
maintaining high-quality LS/OG forest ecosystems. 
Indeed, late-successional or old-growth forests are not 
even subheadings in the EIS Table of Contents (USDA 
Forest Service 1995). Maintenance of high-quality 
LS/OG forest ecosystems is also not explicitly 
addressed by the master plans for the national parks in 
the Sierra Nevada. The focus on giant sequoia in both 
forest and park plans might be viewed as an exception 
although this is a focus on a species and not on an 
ecosystem. Current forest policy on nonfederal lands 
does not have an explicit goal of maintaining high- 
quality LS/OG forests although it does have a goal of 
maintaining some forests of this type in landscapes 
where they are otherwise absent (Menning, et al. 
1996). 

Retention of existing high-quality LS/OG forests 
varies widely among the alternative conservation 
strategies (Table 2). The "Patch-Based" strategy is 
the most effective, scoring 10 out of 10, since 
retention of all existing patches is the basic design 
element! The remaining strategies rank from 0 to 9 
on a 10-point scale. The "High-Quality LS/OG" 
Strategy is slightly superior to the "LS/OG-Based: 
ALSE" strategy since it systematically incorporates all 
3-ranked polygons which have more than 10% of 
LS/OG forest patches with ratings of 4 and 5. The 
rating in Table 2 is based on the assumption that the 
"Distributed Fine-Scale Patches" strategy will 
incorporate at least some of the existing high-quality 
LS/OG forest patches as part of its LS/OG system. 
The "Uneven-Aged Managed Mosaic” is given a zero 
rating because all of the landscape will eventually be 
harvested under a pure form of this strategy leaving 
no existing LS/OG forest patch undisturbed. The 
current and proposed policy for federal lands is given 
credit in Table 2 for the fact that these policies would 
almost certainly protect some of the existing high- 
quality LS/OG forest patches in areas reserved from 
timber harvest. Policy for non-federal lands provides 
for retention of variable amounts of LS/OG forest and 
structures and does not effectively address quality of 
the retained material. 

Provision of large blocks of contiguous LS/OG 
forest also varies widely among the alternative 
conservation strategies (Table 2). The reader should 
recall that substantial patchiness is a part of a high- 
quality LS/OG 
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Table 2. Matrix relating various conservation strategies (top) and curent and proposed federal policies and current non-federal forest land policy (bottom) to important elements or concerns 
in design of a conservation strategy for late-successional and old-growth (LS/OG) forests in mixed-conifer, white fir and yellow pine (ponderosa and Jeffrey pine) types of the Sierra Nevada. 
SRA EY Ee OE SBI DOES SR STE NPY FPS PRET BRE RSET SOREN EE EEE ESS OSE EE SEES MEE EE EOE ED GEESE LTP, ERE POS BY SIGE PETE SIGE BSE ESPNS ESET 


Maintainin | Retains Provides for Incorporates Provides for Spatially Provides for Provides for Emphasizes 
g high- existing large blocks natural representati explicit connectivity LS/OG effects on 
quality high- of ecosystem ve design? & matrix restoration? timber 
LS/OG quality LS/OG dynamics? LS/OG conservation harvest? 
forest LS/OG? forest? (0- system? ? 

ecosystems 

as 

objective? 


CONSERVATION STRATEGY 


Current Policy For Non-Federal Lands At very 
low level 


"ALSEs are Areas of Late Successional Emphasis and utilize the landscape polygons created in the SNEP LS/OG forest assessment (Franklin and Fites, 1996); ALSEs are centered on the polygons with 
LS/OG structural ratings of 4 & 5, plus adjacent polygons to create logical management units. 

*Utilizes polygons with LS/OG structural ratings of 4 & 5 and polygons ranked 3 which have >10% patches ranked as structural class 4 & 5. 

“Utilizes polygons with LS/OG structural ratings of 4 & 5 plus other selected areas restricted for timber production. 

“all patches with structural rating of 4 & 5 plus selected 3-ranked patches necessary to achieve acreage target. 

Percentage of each watershed allocated to small patches of high LS/OG structural quality. 

°Managed entire forest mosaic for a selected level of LS/OG structural complexity. 

Current plans for the national forests and national parks. 

Current plans for federal lands plus CASPO interim management guidelines on national forest (from Verner, et al. 1992). 

°Current plans for federal lands modified by Alternative D for national forest lands (from USDA Forest Service, 1995) 

'° Current California State Forest Practices rules. 


+13 
+5 
Uneven-Aged Managed Mosaic® 
: 9 
10 
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forest landscape; continuous, dense, closed canopy 
forests are not an essential condition. All of the 
LS/OG-based strategies provide for large blocks with 
the ALSE-based strategies scoring highest in this 
regard. The remaining strategies are given a zero 
rating although it could be argued that the "Uneven- 
Aged Managed Mosaic" would produce large 
contiguous blocks of structurally complex forest 
habitat. Current and proposed policies for federal 
lands are given a low rating rather than a zero simply 
based on retention of existing roadless areas; 
unfortunately much of the high-quality existing LS/OG 
forests are not within recognized roadless areas or 
congressionally-protected lands (Franklin and Fites 
1996). Policy for non-federal lands does not require 
retention of large blocks of LS/OG habitat and, in fact, 
is antithetical to this objective because the 
requirements for LS/OG retention are minimal where 
large amounts of such forest are already maintained 
(Menning, et al. 1996). 

Rankings with regards to incorporation of natural 
ecosystem dynamics into the conservation strategy 
essentially parallels the ratings for large blocks (Table 
2). This is based upon the premise that the only way 
in which the patterns of natural ecosystem dynamics 
can be incorporated is by having larger management 
units; natural dynamics is considered to _ be 
predominantly a pattern of disturbance associated with 
light to moderate fire of high to moderate (5 to 30 
year) frequency. Incorporating this pattern of 
disturbance and the spatially complex pattern of 
patches that it produces (e.g., Figure 1) requires 
relatively large blocks of LS/OG forest habitat. The 
"Uneven-Aged Managed Mosaic" might be viewed as 
incorporating natural ecosystem dynamics but the 
spatial pattern which management will impose is 
almost certain to differ from that created through 
natural disturbances and will, in fact, alter the pattern 
of disturbance. 

Most of the conservation strategies will result in a 
representative system of LS/OG areas either purposely 


or as a by-product of the design (Table 2). The 
"Patch-Based" strategy will not. LS/OG-based 
strategies do so to varying degrees since they 


incorporate larger landscape units and not simply the 
existing patches of high-quality LS/OG forests. 
Similarly, the "Distributed Fine-Scale Patches" and 
"Uneven-Aged Managed Mosaic" approaches are 
landscape-level strategies that will provide for broad 
geographic representation. Current and proposed 
policies for federal lands do not directly address the 
issue of representativeness. The emphasis in the 
nonfederal policy on greater retention in areas 
currently lacking LS/OG forests should actually work 
toward a more representative system, however. 


The degree to which strategies are or can be made 
spatially explicit varies widely (Table 2). "LS/OG 
Based:ALSEs" and "High-Quality LS/OG" strategies 
can be fully displayed spatially using the SNEP maps 
and data bases. The "Uneven-Aged Managed Mosaic" 
strategy is also spatially explicit since all of the 
landscape is managed in essentially identical fashion. 
The "Mixed LS/OG & Non-Commodity” strategy can 
be partially displayed but the land areas to be added to 
the high-ranked polygons are not currently identified 
except for the Eldorado National Forest (Sierra 
Nevada Ecosystem Project 1996). In the "Patch- 
Based" strategy patch locations can be identified to 
the scale of SNEP LS/OG polygons but not in greater 
detail except for polygons in which patches were 
mapped as part of the validation study (Langley 
1996). Current and proposed policies for federal and 
non-federal lands do not provide for spatially explicit 
solutions; roadless areas are an exception for federal 
lands. 

Essentially all of the conservation strategies do or 
could incorporate management of the matrix to 
provide for landscape connectivity and for retention 
of many elements of biological diversity (Table 2). 
Current federal policies do not explicitly provide for 
matrix management but the interim California spotted 
owl guidelines (Verner et al. 1992) are very heavily 
based on this strategy and generally utilize an upper 
diameter limit for harvest of 30 inches diameter at 
breast height (dbh). It can be argued that Alternative 
D of the California spotted owl EIS (USDA Forest 
Service 1995) would accomplish the goal of 
structurally complex forest conditions in the matrix 
but, if an upper diameter limit on harvest of 40 inches 
dbh is applied, large diameter tree densities may not be 
adequate to achieve ecological objectives. Current 
policy on non-federal lands provides for structural 
retention in the matrix but at very low levels; i.e., in 
the form of wildlife trees and snags. 

Most strategies provide for restoration of LS/OG 
forests and structures (Table 2). The "Patch-Based" 
approach accepts the existing patches of high-quality 
LS/OG forest as the basis for its system and does not 
attempt to restore areas not meeting those standards. 
Current policies for federal and nonfederal lands has 
no explicit restoration goal where LS/OG conditions 
are currently absent. The proposed policy for 
national forests does increase the levels of late- 
successional forest structures in some areas. 

Impacts on timber harvest are a consideration in 
all of the conservation designs but effects on ASQ are 
explicitly recognized in only two (Table 2). The 
"Mixed LS/OG & Non-Commodity" strategy was 
specifically designed to minimize impact on timber 
harvests while still retaining the best of the LS/OG 
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polygons. The "Uneven-Aged Managed Mosaic" 
Strategy is designed to keep the entire landscape 
available for management, including timber harvest. 
Timber harvest levels are, of course, major 
considerations in the current and proposed policies for 
both federal and non-federal forest lands. 


CONCLUSIONS 


The working group's conclusions are summarized in 
Table 2. None of the conservation strategies 
considered here is perfect from the standpoint of all 
important design elements. 

The LS/OG-based strategies appear to come 
closest to addressing all of the important ecological 
elements. The "LS/OG Based: ALSE" and "High- 
Quality LS/OG" strategies trade off levels of retention 
of existing high-quality LS/OG forest against provision 
of larger blocks of habitat. The "Mixed LS/OG & 
Non-Commodity" strategy ranks significantly lower 
than the other LS/OG-based strategies with regards to 
several elements but does incorporate greater concern 
for timber harvest levels. 

Other approaches have major deficiencies with 
regards to one or more elements. The "Patch-Based" 
strategy, while providing for retention of all existing 
high-quality LS/OG forest, fails in several other 
categories. The "Distributed Fine-Scale Patches" and 
"Uneven-Aged Managed Mosaic" fail at maintaining 
existing high-quality LS/OG forest and do not provide 
for large blocks of LS/OG habitat, among other 
deficiencies. 

All of the strategies would require significant 
investments to produce and maintain LS/OG forest 
ecosystems in the Sierra Nevada (see, e.g., Johnson, 
Sessions, and Franklin). Furthermore, there will need 
to be some long-term stability in the commitment of 
financial and human resources; without a sustained 
investment no strategy for maintenance of late- 
successional forest ecosystems is likely to be 
successful. Although we have not analyzed differences 
in expected net receipts, any of the scenarios 
proposed here could generate significant revenues, 
some of which could be allocated to management 
activities. 

Current and proposed policies for federal lands 
clearly do not give serious consideration to 
maintenance of high-quality LS/OG forest ecosystems. 
The circumstances on federal lands in the Sierra 
Nevada Range resembles the current and proposed 
policies for federal lands in the Pacific Northwest 
prior to FEMAT (1993) and adoption of the 
Northwest Forest Plan--i.e., attention to species 
utilizing LS/OG forests but not to intact LS/OG 
ecosystems. 


Current policy for non-federal land does 
incorporate a concern for maintenance of LS/OG 
forests and structures but at very low levels and in 
only general terms. Clearly the brunt of any LS/OG 
strategy for the Sierra Nevada is going to have to be 
carried by the federal lands where the bulk of the 
remaining old-growth forests are located and policies 
could be adopted with existing legal structures. 

Finally, we would like to emphasize _ the 
importance of scientific knowledge in developing and 
implementing any late-successional forest ecosystem 
strategy. Current knowledge concerning the structure 
and function of natural forest ecosystems in the Sierra 
Nevada is surprisingly limited in view of the extent 
and importance of these forests. There are some 
exceptions, such as the substantial information base 
that exists on fire regimes and the forest ecosystem 
studies which have been conducted in Sequoia-Kings 
Canyon National Park. Generally information on 
natural forest ecosystems is very limited for the Sierra 
Nevada, however. 

Strategies to achieve a particular level of certainty 
or risk with regards to maintenance of late- 
successional forest ecosystems must, of necessity, 
reflect the level of available knowledge. A more 
conservative, less risk-prone strategy is required when 
scientific knowledge is limited, as in the case of the 
Sierra Nevada. A substantial investment in 
research on the composition, structure, and 
function of forest ecosystems in the Sierra 
Nevada could provide the basis for less 
restrictive approaches to management which 
better integrate a variety of social objectives. 
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APPENDIX I. 


An Application of the Concept of Areas of Late 
Successional Emphasis (ALSE) 


Areas of Late-Successional Forest Emphasis (ALSE) 
are conceived as land units where the maintenance and 
restoration of high-quality late-successional and old- 
growth (LS/OG) forests is the primary management 
objective. Active management of ALSEs is considered 
to be implicit in the concept, including management 
to reduce the potential for catastrophic intense 
wildfires as well as restoration of moderate to low 
intensity fire as an important process. 


ALSEs are typically larger areas, commonly ranging 
from 5,000 to 30,000. One reason for their relatively 
large size is to allow for flexibility in planning and 
carrying out various management activities such as 
prescribed burning and treatments which may reduce 
the potential for catastrophic fire, such as fuel breaks. 
Larger areas also allow incorporation of more of the 
environmental and forest complexity, including 
ecotones and gradients. 


The proposed ALSEs in the Sierra Nevada (Franklin 
and Fites 1996) are centered on larger landscape units 
or polygons which currently have high LS/OG values 
(structural ratings of 4 or 5). Adjacent polygons have 
been added to provide logical management units as 
outlined in the previous paragraph. 


A zoned approach to management of the ALSEs is 
proposed. Typically 1/2 to 2/3 of an ALSE would be 
maintained as a core area in which management would 
consist primarily of prescribed fire or managed 
wildflire with little or no mechanical treatment. 
Silvicultural manipulations, as well as prescribed fire, 
could be used on the remainder of the ALSE to create 
shaded fuel breaks, alter or remove fuels (such as by 
biomassing or thinning), etc., but always with the 
primary objective of protecting the LS/OG resource of 
the ALSE. 


A management plan would be developed for each 
ALSE. This plan would include: a detailed evaluation 
of the LS/OG resource; a stratification of the ALSE 
for management purposes, including its historical 
development; and a detailed fire management plan 
including areas and priorities for fuel treatment, 
shaded fuel breaks, prescribed burning, and managed 
wildfire. 


A proposed ALSE on the Eldorado National Forest 
provides an example of some of these concepts 
(Figure Al). This ALSE is located along lower Camp 
Creek on the Placerville District at the western 
boundary of the National Forest. Much of the area is 
very high quality (structurally complex) LS/OG forest 
based upon the LS/OG mapping and analysis (Franklin 
and Fites 1996) and subsequent field examinations. 
The high LS/OG quality of these forests is largely 
because relatively little timber harvest has occurred as 
a result of poor access in the steep-walled canyons of 
lower Camp Creek. 


The Camp Creek ALSE is zoned primarily for 
management by prescribed fire and other natural 
processes (Figure Al). Some areas are identified as 
having a high priority for prescribed burning; most of 
these are south to western slopes which have 
undergone some of the most significant changes (e.g., 
in increased tree density) as the result of fire control 
programs. 


Shaded fuel breaks are proposed both within and along 
some of the boundaries of the Camp Creek ALSE. 
The fuel breaks are viewed as important short- to 
midterm strategies to reduce the risk that intense 
wildfires will spread into the ALSE. These breaks also 
incorporate significant numbers of large-diameter 
trees which will reduce their ecological impact. 


Locales for biomassing and other mechanical fuel 
reduction activities are also identified for the Camp 
Creek ALSE. It is anticipated that once such areas are 
treated silviculturally, they will be periodically subject 
to prescribed burning. 
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An example of ALSE management. 
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INDIVIDUAL STAND PROJECTION UNDER 
DIFFERENT GOALS TO SUPPORT POLICY 
ANALYSIS FOR THE SIERRA NEVADA 
ECOSYSTEM PROJECT' 


ABSTRACT 


The Sierra Nevada Ecosystem Project (SNEP) was 
commissioned by Congress to assess the health of the 
ecosystems of the Sierra Nevada and to evaluate 
management strategies to maintain the health and 
sustainability of these ecosystems while providing resources 
to meet human needs. As part of this effort, a policy analysis 
model was developed by SNEP to analyze the ecological and 
economic implications of alternative strategies for managing 
late successional forests in the Sierra Nevada. To understand 
the implications of different management strategies, it was 
necessary to project forest characteristics, ecological effects, 
timber yields, and costs and revenues for each forest strata 
under different goals. This paper describes the methodology 
for managing individual stands to achieve the goals 
associated with the strategies. Using a growth and yield 
simulator for individual stand (strata) projection, a goal- 
oriented dynamic programming approach was developed to 
identify efficient prescriptions or pathways to reach 
alternative forest structure targets. A unique part of this 
effort was the inclusion of natural disturbance in the 
prescription generation. These prescriptions were then 
passed to a policy analysis model to be drawn upon to meet 
overall forest goals for alternative management strategies. 


INTRODUCTION 

The Sierra Nevada Ecosystem Project (SNEP) was 
commissioned by Congress to assess the health of the 
ecosystems of the Sierra Nevada and to evaluate 


"Management strategies to maintain the health and 
sustainability of these ecosystems while providing resources 
to meet human needs (SNEP 1994).” The importance of late 
successional forests and watersheds was emphasized in 
numerous letters from Congress and in a bill considered by 
the Agriculture Committee of the House that became, in part, 
a model for the SNEP assignment. That bill requested 
"recommendations of alternative management strategies to 
protect and enhance each ecosystem of the Sierra Nevada 
forests and the resources thereof, including the watersheds 
and late-successional forests and their dependent and 
associated species, including a determination of whether late- 
successional reserves are necessary...” (section (5)(A) of HR 
6013).” The bill also requested that ecological, timber 
harvest, economic, and social effects of the alternative 
management strategies be specified (see Appendices A 
through E of SNEP (1994) for more details). 

Assessment of Sierra Nevada ecosystems has revealed a 
number of problems with achievement of health and 
sustainability (SNEP 1996) including: 1) decline in the 
amount and complexity of late-successional forest in the 
commercial forest types, especially mixed conifer and east- 
side pine, 2) declines in aquatic biodiversity and existing and 
potential threats to riparian-associated species, and 3) 
existing and potential difficulties from watershed 
disturbance. Also, it appears that there may be increased 
threat of severe fire in some forest types from the build-up in 
fuels and decrease in fire periodicity, although opinions vary 
about the degree of that increase. 

Franklin and Fites-Kaufmann (1996) have 
proposed and evaluated the potential for a number of 
different conservation strategies for late-successional 
forests. These conservation strategies all increase the 
general extent and complexity of late successional 


'Sierra Nevada Ecosystem Project: Final report to Congress, vol. Il. Assessments and scientific basis for management options. Davis: University of California. Centers 


for Water and Wildland Resources. 1996. 
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forests in the Sierra, with varying degrees of human 
intervention through prescribed fire and mechanical 
treatment (timber harvest and road building) to 
accelerate development of _ late-successional 
characteristics and reduce the threat of fire. For the 
late-successional analysis, Franklin divided the federal 
lands of the Sierra Nevada into polygons (here called 
“LS/OG polygons”) based on the characteristics of the 
forest. These average approximately 2500 acres in size 
(see Franklin and Fites-Kaufmann 1996). 

Sessions, et al. (1996) have built a policy-analysis model 
to analyze the ecological and economic implications of 
strategies for late-successional forests in the fire-dominated 
landscapes of the Sierra Nevada. That model can also 
accommodate goals and strategies for riparian areas and 
watersheds and can accept goals for, or limits on, timber 
harvest and grazing and limits on budgets. 

Sessions, et al. utilize the polygons of Franklin and 
Fites-Kaufmann as spatial building blocks in the policy 
simulation. Within each polygon, areas of similar overstory 
condition in terms of tree species, size, and density are 
grouped into strata following the vegetative classes 
developed by the Regional Office for Region 5 (USDA FS 
1994b). As an example, one strata is M3G---mixed conifer, 
sawtimber, with a fairly dense canopy. 

To understand the implications of different late- 
successional policies, Sessions, et al. project forest 
characteristics, ecological effects, timber yields, and costs 
and revenues for each strata within each LS/OG polygon 
where management of the strata is directed toward achieving 
the goals of the policies. As part of that analysis, they 
simulate large-scale fires on the landscape and the resulting 
effects. 

This paper describes the approach taken to developing 
the volumetric, biometric, and ecological information 
(including degree of structural complexity, wildlife habitat 
rating, fire hazard rating, and contribution to watershed 
condition) associated with each strata given a specified goal, 
or set of goals, for the strata to achieve. After reviewing 
previous work that addressed similar problems, the 
methodology employed is explained along with an example 
of its use. 


LITERATURE REVIEW 


The methodology described in this paper has three major 
components: (1) projecting strata characteristics through 
time using a set of growth relationships, (2) linking strata 
conditions and activities at each point in time to ecological 
conditions and effects, (3) deciding the actions to undertake 


over time to move the strata toward specified goals. In this 
section, we review past work in these three areas. 


Projecting Stand Development 


An important choice for the Sierra Nevada Ecosystem 
Project is which stand simulation model to implement for 
forecasting the condition of forest stands over time. The 
input variables must be able to reflect the range of physical 
environments of interest, i.e. climate, soil conditions, tree list 
by species and diameter. The output variables from the 
simulation model must be able to represent the effects of the 
management actions to be simulated. A number of stand 
simulation models have been developed for forecasting the 
condition of forest stands over time. These models have been 
developed for specific geographic regions and perhaps, more 
importantly, for specific applications. 

Individual-based gap models form one class of models. 
These are descendants of the JABOWA model first 
presented by Botkin et al. (1970). In this family of models, 
the primary intent is to describe the possible successional 
changes over long time horizons. Individual components of 
the model are based upon hypothesized or established 
physiological relationships such as the relationship between 
light, moisture, nutrient availability and biomass production. 
Two recent examples include SILVA (Kercher and Axlerod 
1984) and ZELIG (Burton and Urban 1990). Important 
strengths of JABOWA models are the ability to project 
upper canopy and understory vegetation and to project stand 
development using physiological relationships in the absence 
of empirical stand response data. 

Growth and yield models are a substantially different 
class of models. These models have traditionally been built 
to predict the output of commercial products (timber yield) 
over time. Specific examples include CACTOS (Wensel et 
al. 1987) and PROGNOSIS (Stage 1973). Growth and yield 
models are derived from regression analysis of empirical 
observations using a general environmental indicator (site 
index) and biometric variables such as species, crown 
closure, height, diameter, and stand density. The strength of 
these models is that they are fairly accurate for predicting 
individual tree or stand development under the range of 
conditions for which they have been developed. One 
weakness of growth and yield models is that they have not 
typically dealt with understory vegetation. Growth and yield 
models also have difficulty projecting stand development 
outside the range of empirical tree or stand response data on 
which they were built. 

Ritchie (1995) has classified the distinguishing 
characteristics of growth and yield models and gap models 
(Table 1). Versions of the growth and yield models 
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CACTOS and PROGNOSIS (WESSIN variant) have been 
calibrated for the Sierra Nevada and are available; a version 
of the gap model ZELIG is being calibrated for the Sierra, 
but it is not currently available. 

Over the last two decades there has been increasing 
interest in projecting the dead component of the stand, 
primarily for wildlife objectives. The two components of 
snag dynamics are the recruitment and fall rates. Either of the 
two types of stand simulation models can provide 


estimates for snag recruitment from mortality. Empirical 
studies provide estimates of the rate of snag fall rate. 
Raphael and Morrison (1987) provide data on the decay and 
dynamics of snags from the Sage Hen Creek Experimental 
Station near Truckee. Data is also available from the Sequoia 
National Park (Franklin 1996). 


Ecological Linkages 


Linkages of stand condition to _ late-successional 
characteristics, potential for disturbance, wildlife habitat, 
watershed condition, and forest health have been developed 
by a number of authors. 


Table 1: Characteristics of Gap Models and Growth and Yield Models (Ritchie 1995) 


Growth and Yield Models Descriptive (gap) Models 


Data rich, generally data come from one large 
planned acquisition of data to fit many component 
models. 


Data poor, data come from a conglomeration of case 
studies and observed allometric relationships. 


Primary models fit statistically, large data sets. Many hypothesized relationships. 
Intended to describe successional processes and 
future trends in species composition. 


Features response to manipulation. Features response to the environment. 


Intended to predict volume, or basal area or number 


of stems over time. 


Generally designed for short term < 100 years. Generally designed for long term > 100 years. 
e.g. FVS, CACTOS e.g. ZELIG, JABOWA, FORET, SILVA 


Current state of a particular stand is known and we 
wish to forecast future states conditional on current 
states. 


Successional changes are difficult to predict and are | Successional patterns are predictable and are 
unimportant to the analysis. integral to the analysis. 


Validate by comparing with growth data from 
stands. 


The relationship between stand condition and 
contribution to late successional forest characteristics has 
been developed by Franklin and Fites-Kaufmann (1996). 
Their crosswalk classifies a stand into one of six ranks 0-5, 
with 5 signifying the largest contribution to late-successional 
characteristics and 0 signifying the lowest contribution. The 
ranking depends upon the number of large trees, total canopy 
and intermediate canopy closure. This approach is described 
further in a later section. 

Linkages of stand condition to natural disturbance such 
as fire and disease have also been developed. Models linking 
the intensity of forest fires and stand condition were 


Current state and future states of any particular 
stand are irrelevant. Future of specific stands is 
unknown. Global trends are relevant. 


Validate by looking at trends and seeing if they 
match some observed or theorized trend. 


developed by Rothermel (1983). These models use fuel at the 
ground level and topographic and weather conditions to 
predict the flame length of the advancing fire front. 
Relationships have also been derived to express the 
probability of fire moving up into the crowns of trees as a 
function of flame length, height to the live crown, and foliar 
moisture (Alexander 1988). Stand conditions under which 
fire can carry through the crowns of trees have been 
examined by Van Wagner (1977) and Agee (1993). The 
probability of individual tree death as a function of flame 
length, expressed as scorch height, species, and tree diameter 
have been incorporated into the First Order Fire Effects 
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Model (FOFEM) developed by the USDA Forest Service 
(Reinhardt et al. 1995). 

Linkages between disease and stand condition have most 
commonly been expressed as a function of species, stand 
density, and site index (Cochran 1994). 

Wildlife relationships can be divided into spatial and 
nonspatial linkages. Nonspatial linkages express quality of 
habitat for types of wildlife based upon stand conditions such 
as number of species, large trees, canopy closure, and 
presence of snags. An important example in California is the 
Wildlife Habitat Relationship Index (WHR) developed by 
the California Division of Fish and Game (Airola 1988). A 
relationship between stand structure and wildlife habitat 
relation stage (class) has been developed for the Blodgett 
Experimental Forest for use in silvicultural prescriptions 
(Barrett and Davis 1994) and also by the Forest Service for 
the Sierra Nevada (USDA FS 1995). 

Spatial linkages require knowledge of the size and 
distribution of habitat. A typical spatial model for big game 
is Wisdom et al. (1986). Their model requires knowledge of 
the distance to forage and cover in addition to nonspatial data 
in order to determine habitat suitability. 

Linkages to watershed condition have also been spatial 
and nonspatial. The Equivalent Roaded Area model (ERA) 
developed by USDA Forest Service (1987a) is widely used 
in California. This model converts the results of both 
management activities and natural events into equivalent 
roaded acres as an index of disturbance. Examples of 
linkages between stand condition and water quantity and 
quality are more limited. One of the best known models is the 
Precipitation Runoff Modeling System (PRMS) (Leavesley 
et al. 1983) from the US Geological Survey. With the 
development of Geographic Information Systems, there has 
been increasing interest in developing spatial linkages 
combining physical science relationships with digital terrain 
models (Ustin et al. 1996). 


Controlling Stand Development 


In addition to projecting growth through time under different 
conditions and linking stand condition to ecological effect, 
we also wish to guide stand development over time toward 
specified goals. We wish to determine the set of activities to 
apply to the stand to best reach a specified set of goals. 
Paraphrasing Duerr et al. (1956), ‘One of the most 
common decisions foresters make is which tree to cut and 
which to leave. Periodically the stand is entered and trees 
whose quality or growth rates are below par are marked for 
removal.’ Since these words were written many approaches 
have been utilized to solve the thinning intensity problem. 
The increased interest in mathematical programming 


techniques coupled with the sophistication of fast personal 
computing power has made possible multi-dimensional 
problem formulations. Focusing on the more recent solution 
procedures, dynamic programming and pattern search are the 
most prevalent in the literature. Brodie and Kao (1979) 
optimized thinning in Douglas-fir with a three-descriptor 
dynamic programming algorithm which accounted for 
accelerated diameter growth. The three state variables were 
trees per acre, basal area per acre, and time. The single 
control variable was trees per acre. The growth model 
utilized by Brodie and Kao, DFIT (Bruce et al. 1977) was 
better specified than previous growth models. This 
specification allowed stands to be simulated via the 
developmental variables diameter, volume, mortality, height, 
basal area, and number of trees. Within this formulation trees 
were partitioned into merchantable and unmerchantable 
portions. 

The inclusion of a third continuous state variable, basal 
area, lead to an increase in the number of nodes in the 
dynamic programming network. Potential problems of 
dimensionality were overcome by Brodie and Kao (1979) by 
treating the network nodes as "neighborhood storage 
locations” for exact continuous values of the descriptors. The 
essential idea of the neighborhood storage locations was to 
combine discrete thinning with growth from the optimal 
nodes of the previous stage, thereby creating candidate 
stands in the same neighborhood. Optimization takes place 
over these candidates, and the highest-value alternative was 
stored at that neighborhood node. Future stand projections 
were made only from the continuous values, i.e. trees per acre 
and basal area, stored in each neighborhood location. The 
neighborhood approach efficiently used available storage to 
represent the continuous production-surface with a limited 
number of nodes. 

Haight and Brodie (1985) further exploited the 
computational efficiency of neighborhood storage locations 
in the simultaneous determination of optimal timing and 
intensity for thinning and final rotation age for lodgepole 
pine management. This was the first dynamic programming 
algorithm applied to a single tree/distance independent stand 
simulator. Stand simulators of this nature allow direct 
manipulation of the number of trees in diameter classes. 
However, the computation and storage requirements for a 
dynamic programming algorithm in which residual numbers 
of trees in diameter classes are control variables was beyond 
the capacity of neighborhood storage location algorithms. 
Efficiency thus required the classification of trees into one- 
inch diameter classes, with each class described by the 
average tree diameter, height, and number of trees from the 
original list. 

In diameter-free models, such as Brodie and Kao (1979), 
future growth is dependent on basal area, number of trees 
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and age, regardless of thinning history. In an individual tree 
model, such as Haight and Brodie’s, growth is affected by 
the diameter distribution as well as the stand variables. 
Optimization thus requires evaluation of various diameter 
distributions as well as thinning intensities. 

Haight and Brodie constructed a four-descriptor DP 
algorithm for their analysis. The four state descriptors were 
thinning type, residual number of trees, residual basal area, 
and stand age. Thinning type, basal area, and residual 
number of trees were the control variables. The addition of 
thinning type to the problem formulation expanded 
previously defined dynamic programming networks to four 
dimensions, thus allowing the comparison of yields from a 
large number of diameter-distribution sequences. 

Paredes et al. (1987) developed the PATH algorithm, an 
efficient solution algorithm which overcomes the 
computational burdens of traditional dynamic programming. 
The algorithm utilizes concepts from the generalized 
Lagrange multiplier method proposed by Everett (1963), 
with direct estimation of the Lagrange multiplier. 

The primary difference between traditional dynamic 
programming and the PATH algorithm is with the nature of 
the objective function embedded in the recursion equation 
used to drive the search. With traditional dynamic 
programming, the cumulative return as constituted by all 
revenues from previous silvicultural and stocking decisions 
does not include any value for the standing trees, except at 
the final harvest node. The PATH algorithm objective 
function incorporates the value of the residual trees at a 
future time plus the return from implementing the controls. 
Incorporating PATH's objective function with the basic 
recursive equation stated by Bellman (1957), and the 
assumption of a monotonically increasing production 
function, allows the algorithm to efficiently find optimal 
solutions. 


Paredes et al. (1987) compared the solution times for the 
Brodie and Kao (1979) dynamic programming formulation 
with the PATH algorithm and found the time savings ratio 
between algorithms was approximately thirty times. Also 
noted was the occasional minor difference in optimal 
thinning regimes. These differences can be attributed to 
artifacts of the neighborhood storage method. 


Yoshimoto et al. (1988) interpreted the PATH algorithm 
in terms of the calculus of variations. The resulting algorithm 
was applied to the SPS single tree growth simulator (Arney, 
1985) using a single control variable, trees per acre. 
Yoshimoto et al. was also able to determine exact values of 
the Lagrange multiplier, that is the shadow price per unit of 
future resource, using post optimal analysis. 


Yoshimoto et al. (1990) applied the calculus of 
variations formulation developed by Yoshimoto et al. (1988) 
to the single tree/distance independent stand simulator 
PROGNOSIS. Solutions utilizing a minimum of 2 diameter 
class controls, and a maximum of 7 controls were compared. 
All species were grouped in the diameter classes. 


Yoshimoto's economic optimization of PROGNOSIS 
illustrated that increasing the dimensionality of the control 
vector offered greater detail for the optimal thinning regime. 
The larger control vector was able to take advantage of the 
ability to manipulate individual trees in the stand, a feature 
of single tree/distance independent growth simulators, 
yielding superior thinning regimes. However, benefits from 
increasing the number of diameter classes were minimal for 
already large control vectors. To further increase the 
resolution of solutions, there was a need to manipulate 
individual trees in the growth model by developing the ability 
to harvest trees by species groups, as well as diameter 
classes. 


Cousar and Brodie (1992) applied the PATH algorithm 
to ORGANON (Hester, et al. 1989), a single tree/distance 
independent growth simulator for western Oregon. The 
problem was formulated with 25 state variables, consisting 
of five species groups with four merchantable diameter 
classes and one unmerchantable class. This yields twenty 
diameter/species group control variables. The large state 
vector allows the algorithm to account for competitive 
interactions among species in the optimization process. 
Cousar’s formulation also incorporated detailed economic 
input. 


Research using dynamic programming has concentrated 
on finding optimal solutions to a single unconstrained goal. 
Limited work has been done using multiple objective criteria 
for single stand optimization. De Kluyver (1980) used 
multiple objective dynamic programming in a two stage 
procedure for developing thinning and harvesting schedules 
for radiata pine. The first stage of their analysis used 
multiple objective dynamic programming to find thinning 
and final harvest regimes for a given type of stand. The 
second stage used these regimes in a multiple objective linear 
programming model. The multiple objectives in their analysis 
focused on alternative definitions of average annual yield of 
a rotation and maximization of present net worth. 
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Haight et al. (1992) optimized timber yields subject to 
stand density constraints by converting a constrained 
maximization problem to an equivalent unconstrained 
problem by adding a quadratic penalty to the objective 
function for any violation of the target stand density 
constraints. They used the Hooke and Jeeves pattern search 
solution method with the PROGNOSIS growth and yield 
model (Inland Empire Version 5.2). 


OUR METHODOLOGY FOR STAND 
PROJECTION 


Given goals for a strata, we wish to find the combination of 
actions over time that will come closest to reaching the goals. 
Also, we wish to know the resulting yields, costs, revenues 
and ecological effects. 

In this analysis, different types of activities are 
considered such as_ timber harvest and prescribed burning. 
To consider these activities over time, we build 
“prescriptions” that portray a combination of activities over 
time and the associated conditions, outputs, and effects. 
Assume that there are five time periods. Then one possible 
prescription might show the following pattern of activity 
over time: 


Period Activity 
1 Timber harvest 
2 Prescribed burning 
3 Prescribed burning 
4 No activity 
5 Timber harvest 


To derive prescriptions for use in the analysis of 
different conservation strategies for late-successional forests, 
a single stand optimization program, FVSPGM, has been 
developed. The single stand (per acre) optimization 
procedure used in FVSPGM combines a dynamic 
programming search algorithm using the PATH procedure 
with a goal programming objective function to minimize 
deviations from silvicultural and ecological goals for a single 
stand. 

The search algorithm uses the single stand growth and 
yield model, FVS (formerly known as PROGNOSIS) to 
project stand growth. The specific variant of FVS, WESSIN, 
used in our simulations is the version calibrated for the west 
side of the Sierra Nevada. We have chosen FVS because of 
its availability, its recent calibration for the Sierra Nevada, 
and its ability to simulate growth and yield effects for the 
types of management actions we plan to evaluate. It may be 
appropriate in future studies to revisit the choice of 


simulation model as locally calibrated gap models become 
available. This is particularly true if the study interest 
includes forest succession under climate change, silvicultural 
prescriptions other than individual tree selection, and 
increased interest in understory development other than trees. 

Thus, FSVPGM is a stand level multiple-objective 
optimization model which uses a set of silvicultural and 
ecological goals as the drivers controlling stand development. 
The model searches for solutions which lead to the 
development of stand structures most closely meeting 
specified silvicultural and ecological goals. 


Simulated Strategies 


Prescriptions are developed for each of six different 
management strategies. Four of the six strategies are based 
upon goals for the late successional old growth (LS/OG) 
rank of the stand; these are: 


1) Matrix - Rank 2 
2) Matrix - Rank 3 
3) ALSE - Rank 3 
4) ALSE - Rank 4. 


The terms Matrix and ALSE (Areas of Late 
Successional Emphasis) refer to different land allocations in 
the policy analysis of alternative conservation strategies for 
late-successional forests. ALSE areas are LS/OG polygons 
which emphasize the maintenance and restoration of late 
successional forests in the Sierra under some conservation 
strategies. 

An important goal of the ALSE strategies is the 
reduction of fire hazard. ALSE prescriptions permitting 
harvest include “biomass removals” during harvest if 
necessary to eliminate fuel ladders, crown density reductions 
to reduce the risk of crown fire, and slash treatment. 
Prescribed burning is also permitted to reduce fuel loadings. 

Matrix areas are the remaining area outside ALSEs. 
“Rank” refers to the Franklin and Fites-Kaufmann (1996) 
classification for contribution to late successional forest 
structure. The matrix goals allow for the harvest of large 
trees surplus to the rank goals; the ALSE goals do not. In 
terms of the structural goals, the ALSE strategies require 
higher stocking of large trees and denser canopies. 

The other two strategies are: 


5) Minimize Fire Hazard 
6) Maximize Present Net Value 
The fire hazard strategy attempts to find a set of actions 
through time that minimize a fire hazard index considering 
potential flame length, stand crown closure, and basal area 
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loss from fire. It includes “biomass” in the harvest, i.e. the 
harvest of small material that reduces fire hazard but 
ordinarily would not be removed in a commercial sawlog 
operation, commercial harvest and prescribed burning. The 
present net value strategy attempts to find a set of actions 
through time that maximizes the present net value of the 
stand, including the value of the timber harvest over time and 
the value of the residual stand at the end of the planning 
horizon. 


Range of Activities Evaluated 


For each strategy, one of five potential types of “activities” 
can take place in each period. Three are initiated by human 
action: prescribed fire (P), development of a defensible fuel 
profile zone or fuel break (B), and timber harvest through 
thinning and partial cutting (H). Two other “activities” are 
also considered: wildfire (F) and no action (N). A series of 
five activities (one per ten year period) defines the activity 
set over a planning horizon. 

The stand effects of prescribed burning and wildfire on 
the stand are dependent on flame height, species, diameter, 
height to live crown, and canopy closure. For activities 
involving harvest, the level of the activity will be decided by 
FVSPGM depending upon the stand structural 


requirements to reach the specific goal given the sequence of 
“N”, “P”, “F’, “H’, and “B” activities in the activity set. 
Details for prescribed burns, wildfire, and the optimization 
routines to guide harvest levels are discussed in the following 
sections. 

The five potential activities possible represent over 
3,000 activity combinations for each strategy over the five 
periods (5 x 5x 5.x 5x5). For example, "NNNNN" would 
involve no activity throughout the planning horizon, the 
activity set "HNHNH" involves a potential harvest in periods 
1,3,5, and the activity set "FNNNN" represents an wildfire 
occurring under extreme fire conditions in period 1, and no 
activity in periods 2-5. 

To reduce the number of combinations, a set of rules 
were developed which govern the creation of the 
combinations. Two examples of the rules are 1) a fuel break 
can only be initially developed in the first or second period; 
2) harvests can occur, at most, every other period on steep 
slopes. A set of 17 rules was developed which lead, at most, 
to 324 possible activity combinations (Table 2). 

Slopes less than 40% receive all combinations (324 
total). Slopes greater than 40% have minimum 20 year re- 
entries (301 combinations). The subalpine forest type does 
not receive harvest leaving 73 combinations of F, P, N as the 
choices for this type. 

FVSPGM calculates the resulting volumetric, biometric 
and ecological outputs which are attainable and most closely 
meet the silvicultural and ecological stand goals over time for 
each activity set. 


Table 2: Summary of rules to generate possible activity combinations 


Fuel Breaks 


Must occur initially in periods | or 2 


If it occurs in period 2, then no action in period 1 


Maintain fuel break (though harvest) 20 and 40 years after initial entry 


No harvests in periods between fuel break maintenance 


Wildfire 


Can occur in any period 


Can not occur in a period following two consecutive previous periods that received prescribed burns 
Only “No action” is allowed in period after a fire 
Can not occur in 2 consecutive periods 


Can occur in any period 


Twenty year re-entry, except on slopes less than 40% where a 10-year re-entry is allowed in the first two 


periods 


No harvest the period after a wildfire (this does not refer to salvage immediately after a fire) 
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Table 2. (cont.) 


Prescribed Burns 


Can occur in any period 
A maximum of two consecutive prescribed burns (with the exception of PPPPP) 


No prescribed burning the period after a wildfire 


No Action 


Can occur in any period 


Ecological Linkages and Goals 


The SNEP policy group, in coordination with the SNEP work 
groups responsible for assessing late successional forests, 
wildlife diversity, watershed health, and natural disturbance 
in the Sierra Nevada, has adopted a set of indices for linking 
ecological response to vegetation change. These indices are 
calculated from stand structure attributes at any point in time 
including tree species, size and number, canopy closure, 
snags, and size and number and the height to the live crown 
by diameter class and species. The specific ecological and 
watershed health indices are late successional-old growth 
(LS/OG) rank, Wildlife Habitat Relationship (WHR) class, 
contribution to equivalent roaded acres (ERA), and fire 
hazard. 

Progress towards a silvicultural/ecological strategy is 
measured through nine modeling goals which describe stand 
structure: 1) large trees, 2) total canopy closure, 


3) intermediate canopy closure, 4) snags, 5) down wood, 6) 
fire potential, 7) basal area, 8) Wildlife Habitat Relation 
(WHR) size class, and 9) late successional rank. These were 
chosen after analysis of the information needed to portray 
movement toward the overall goals, e.g. ALSE - 4, for each 
of the six strategies mentioned in previous sections. 

Target levels of the modeling goals are established for 
each strategy. Measurement of the attainment of a specific 
structure goal is determined within discrete intervals defined 
by the goal width. Basically, the goal width allows flexibility 
in meeting the goal target. For example, the large trees per 
acre has a neighborhood (width) of one tree per acre. Thus if 
the target is four large trees, 4.15 trees equally attains the 
target as 4.75 trees. The application of neighborhoods 
always occur above the target. Thus, the target is a “floor”. 
The neighborhoods (widths) for each goal are listed in Table 
3, and described in more detail in the following section. 


Table 3. Goal/metric widths and descriptions for use in stand optimization routines 


Goal/Metric | Goal/Metric Goal/Metric Description 
# Width 


1. 
2 
3. 
4, 
5. 
6. 
he 
8. 
2 


Large Trees Per Acre 
Total Canopy Closure 
Intermediate Canopy Closure 


Snags Per Acre 

Down Wood Per Acre (Chunks) 
Fire Potential Index 

Basal Area Per Acre 


WHR Size Class 


LS/OG Rank 
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A simulation run, i.e. prescription, is developed by first 
specifying the desired magnitude (target) of each of the 
above goals in the target stand, e.g., 12 tpa >30" dbh and an 
LS/OG rank of 4. Two additional data are input along with 
the target: relative importance of each goal (i.e., a weight) 
and a numeric penalty (a multiplier) for not meeting the 
target. Franklin and Fites-Kaufmann (1996) provided the 
target levels for the large tree, canopy closure, and snag 
structure targets for the matrix and ALSE management 
options. We developed the target levels for the remaining 
management options. All targets, metric weights and 
penalties are shown in Appendix Table A1. 


Solving For The Harvest Intensity In A 
Period 


One of the five activities discussed above is partial 
harvesting. The harvesting activity allows for the option of 


removing trees, by species group and diameter class, when so 
doing moves the stand's future structure towards a structure 
which more closely resembles the desired management goal. 

FVSPGM determines the periodic harvest intensity, i.e. 
which trees to cut by species and dbh class, by evaluating a 
large number of potential solutions. These potential solutions 
are evaluated in two steps. The first step determines a family 
of solutions which equally minimize the difference between 
the structure resulting from the solution and the target stand 
structure through time (based on the goal class width). The 
second step evaluates this family of solutions to identify the 
solution which has the highest economic value, i.e. highest 
present net value of the stand through time including the 
ending inventory. 

The first step is solved using the objective function: 


rea 2 ‘ penalty i 
Minimize Z = 2 weight * D: ‘ over all structure metrics 


i 


Where D,; = absolute value of the difference between the 
current value of metric i and the target level of metric i. 

Structuring the algorithm with discrete classes, e.g., 1.0 
tpa classes, allows multiple solutions, i.e. harvest intensities, 
for a single value of Z. The metric input also allows the 
specification of whether a target must be met exactly, or 
whether a penalty occurs from exceeding the target or being 
under the target. 

During the evaluation of potential moves at each time 
period, all structural modeling goals, except fire, are 
evaluated at a point 30 years into the future. This time frame 
more completely captures the effects of any harvesting 
activities. The fire potential index is evaluated at a point 10 
years into the future. 

The second step evaluates the economics of the set of 
solutions which minimized Z. From this set, the solution 
which gives the highest economic value of the stand is 
selected as the harvest intensity. This solution is simulated, 
the residual stand grown forward ten years, and the process 
repeated for each period of the planning horizon. 

For example, FVSGM may generate over 600 different 
harvest intensities for a single period. These intensities vary 
by the number of stems removed and the species and size 
classes of the removals. Within these 600 intensities, 
possibly 20 or more may equally meet the stand structure 
targets; i.e. one solution may have less large trees than 
another, but compensates with a higher canopy density. For 
each of the 20 or more harvest intensities which meet the 


targets, the economic value is calculated and the intensity 
with the highest present net value is selected. In the case that 
all candidate intensities are negative, the candidate with the 
lowest negative value is chosen. It is important to note that 
although the intensity with the highest present net value is 
being chosen, the present net value criteria is being used as 
a way of finding the most efficient way to reach a 
management goal given that more than one way exists to 
reach the structural targets representing the goal. 

The use of the present net value selection among harvest 
intensities to meet a management goal such as ALSE-4 or 
Matrix-3 should not be confused with the maximize present 
net value management goal which does not have stand 
structural goals. Under the maximize present net value 
management goal the resulting stand structure is a residual of 
the analysis rather than the driver of the analysis. 

Typically, the optimization algorithm is able to more 
closely reach the desired structure targets as the number of 
non-zero goal levels increase; i.e. by specifying target levels 
for seven of the nine metrics vs. two of the nine. This is a 
function of how sensitive a structure metric is to a 
neighborhood of solutions. The more sensitive the metric, 
such as canopy, the more effect the metric has on the 
solution. Also, there are strong relationships between 
metrics, such as between large trees, canopy closure, and 
rank. Thus, if the management decision is to increase the 
rank of a stand, specifying target levels for all three will yield 
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better results than just specifying a target for the rank goal 
alone. 

As an example, the minimize fire” strategy has the 
following non-zero goal levels: Large trees = 8; Total 
Canopy = 20%; Fire Hazard = 10 (out of 100); Basal Area 
<= 200; WHR Size Class = 5. Over achieving the large tree 
and WHR size class is not penalized; under achieving the fire 
hazard target (of 10) is also not penalized. With the basal 
area and canopy closure structure targets, however, 
deviations in either direction are penalized. These structural 
targets for the “minimize fire” strategy generally result in a 
stand with a relatively high average diameter and little 
intermediate understory--a stand highly resistant to crown 
fire. 


Constraints on the Search for the Best Harvest 
Intensity 


The harvest search procedure, and thus the solutions, are 
constrained by two parameters: 1) a minimum net board foot 
harvest which varies by slope (2,800 bf on slopes less than 
40%, 5,000 bf on slopes greater than 40%) and 2) a 
minimum residual basal area of 75 sq. ft. per acre. These 
limits help insure that the harvests will pay for themselves 
(to a degree--see below for the costs that are included) and 
that the analysis will not select “nonsense” solutions, such as 
very low harvests and very low basal areas, that are outside 
the capability of the simulation to accurately represent. The 
only exception to minimum levels of harvest involve the 
biomass harvest activity. If ladder fuels exist under canopy 
conditions which could result in crown fire, the ladder fuels 
are removed regardless of the minimum volume target during 
the first two periods of an ALSE management goal strategy 
which permits harvest or in the minimize fire hazard 
management goal even if the revenues will be negative. 


Making Moves 


The solution procedure evaluates a series of “moves”. The 
moves, also referred to above as solutions, guide FVSPGM 
along the production surface of the stand. Each move is made 
by harvesting a predetermined number of trees per acre in a 
particular decision variable. The specific search algorithm is 
referred to as a region limiting strategy (Pierre, 1986). 


The decision variables are defined by seven species 
groups and seven diameter classes as: 


Species Groups 

1. sugar pine 

2. ponderosa and jeffrey pine 
3. Douglas-fir 

4. true fir (red and white) 

5. cedar 

6. other conifer 

7. hardwoods 


DBH Classes 
0-5.5” 

5.6” - 11.5” 
11.6” - 17.5” 
17.6” - 23.5” 
23.6” - 29.5” 
29.6” - 35.5” 
35.6°+ 


TOV eR ek 


Projecting Growth 


Implicit in the solution method implemented by FVSPGM is 
the need to project stand structure through time, 50 years in 
this case evaluated in five ten-year periods. The existing 
stand structure is described by a tree list which has been 
derived from FIA plot data using the plot groupings 
(California vegetative type) from the FIA analysis (USDA 
FS 1994). The Forest Vegetation Simulator (FVS), WESSIN 
variant (Dixon 1994), is used to project single tree growth 
(species and diameter class) as a function of slope, aspect, 
elevation, stand density, site quality and National Forest. For 
each strategy and vegetative type, prescriptions are derived 
and growth projected for two slope classes (0-40% and 
>40%) and two azimuths (southwest and northeast) to 
provide needed information for the land strata of policy 
simulation model. Average elevation and site index from the 
FIA plots are also used in the growth estimation. Additional 
details on growth projections using FVS can be found in 
Stage (1973), Dixon (1994) and Ritchie (1995). 

Exogenously to the growth routines, growth rates for the 
ponderosa pine forest type calculated by FVS are adjusted 
downward to account for insect-related mortality. The 
adjustment occurs when the basal area of the stand is greater 
than 95% of a normally stocked (Meyer, 1938) stand at 60 
years of age, as a function of Dunning site class. 
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Initial Inventory 


The simulation inventory was developed from the FIA 
databases for each national forest. The inventories were 
stratified by California vegetative type; i.e. M3G, P3N, and 
stratified by two slope and two aspect classes. 

The vegetation data in FVSPGM is input and grown in 
FVS by species, dbh, crown ratio, total height, and trees per 
acre. FVS is able to calculate the height and crown ratio for 
input data which lacks this detail. The inventory data coming 
from the FIA databases is aggregated by dbh and species. 
Dbh’s are input into FVSPGM in 2" dbh classes. The 
average dbh, height, and crown ratio for that class are input 
into the model. Eleven species are recognized in the growth 
model: 


1) sugar pine 

2) ponderosa pine 
3) jeffrey pine 

4) Douglas-fir 

5) white fir 

6) red fir 

7) incense cedar 
8) giant sequoia 
9) other conifers 
10) black oak 

11) other hardwoods 


Modeling Snag Dynamics 


FVSPGM tracks snags greater than 24", and pieces of down 
wood greater than 24", each by species groups. This is done 
in routines outside of FVS as FVS does not track dead 
components of the stand. The initial snag and down wood 
inventory is derived from the FIA inventory. FVSPGM 
tracks snag recruitment into the 24"+ snag class. This 
recruitment is from tree mortality coming out of FVS. Once 
the tree becomes a snag, FVSPGM tracks its deterioration 
and likelihood of falling over and becoming down woody 
debris. Snag dynamics are modeled with 3 species classes 
[pines; true firs; and other conifer and hardwoods combined 
as the last group] and 5 degeneration classes, from recent 
dead to a decayed broken stem. The number of stems in each 
class through time is estimated using a Leslie matrix with 
transition probabilities derived from data from the UC 
Berkeley Sage Hen Creek Field Station and Raphael and 
Morrison, (1987). 

The variant of FVS that we used in our growth 
projections calculates tree mortality based on a maximum 
stand density index for each species. Thus mortality is 
determined by competitive stress. Periodic surges of 


mortality, such as from drought and associated insect attack, 
most probably are only partially accounted for in this 
approach. 

Recent mortality on the Sierra Forests for large trees 
(over 24"), as estimated though plot information, occurred at 
considerably higher rates than that estimated in FVS. 
Mortality was especially elevated for large red fir and white 
fir. These plots were taken at the tail-end of a prolonged 
drought which appeared to cause one of the periodic surges 
in mortality mentioned above. 

Thus, we feel that the mortality estimates from FVS may 
understate the death rate of large trees. If we are 
underestimating large tree mortality, we, in turn, are 
underestimating snags and overestimating the number of 
large live trees in the stands. It should be noted, however, 
there are other sources of mortality in the analysis, such as 
logging damage, in addition to the endemic mortality 
provided by the FVS. 

Down wood degeneration is traced in a manner similar 
to mortality. The probabilities are based on a degeneration 
class and age relationship outlined in the USDA Forest 
Service FIA handbook (1994). 


LS/OG Rank 


The rank is derived from tables which relate quantitative 
forest structure data to LS/OG rank. These tables were 
developed by Franklin and Fites-Kaufmann with some 
further modification by the authors and use the normalized 
rank classification (Franklin and Fites-Kaufmann 1996). 

The rank classifications are based on three structure 
components: 


1) number of large trees per acre 
2) total canopy closure 
3) intermediate canopy closure 


FVSPGM first checks the large tree component of a 
stand, tallying the number of trees by the following dbh 
breaks: 40"+, 30"+, 24"+, 18"+, and 16"+. The trees per acre 
in each of these breaks is compared to the structural 
requirements. If a match is found, the remaining structure 
components are then checked to further define stand rank. 
Appendix Table A2 lists the minimum criteria for each rank. 
Because of our uncertainty in modeling of big tree mortality 
and snag falldown, rank determinations consider only large 
trees, total canopy closure and intermediate canopy closure. 


82 
ADDENDUM 


Determine habitat type. (In the following, other 
conifer refers to any conifer species except 
Douglas-fir, white and red fir, jeffrey, sugar, 


Wildlife Habitat Relations (WHR) 4. 


WRR is comprised of three components: habitat type, size 


class, and canopy cover. The WHR habitat type call keys on 


lodgepole, ponderosa, incense cedar) 


the species with the majority of canopy in the stand, typically a. if forest type = juniper; habitat type = juniper 
greater than 50% of the total canopy. In some cases due to b_ if forest type = lodgepole; habitat type = 
the lack of specificity of minor species in the growth model, lodgepole 

the habitat call is based on the forest type; for example, all c if forest type = eastside pine; habitat type = 
juniper strata are labeled with the juniper habitat type. eastside pine 

Excluding non-stocked areas, eleven habitat types are d. if forest type is non-stocked or barren; habitat 
represented; juniper, lodgepole, eastside pine, subalpine, foot type = forest type 

hills pine, red fir, white fir, ponderosa pine, jeffrey pine, e. if the crown area of all conifer species is less 
mixed conifer, and hardwood. than 40% of the total crown area, habitat 

Size class is based on the quadratic mean diameter QMD type=hardwoods 
of all trees greater than 5". If the stand has no stems greater f. if the crown area of other conifers is greater 
than 5”, then the QMD is based on all stems. than 25% of the total crown area; 

The canopy class is based on the crown closure of the i.) if the forest type is subalpine, redfir, or 
codominant and dominant trees, i.e., the canopy of all trees mountain hemlock, _ habitat 
in the WHR size class call and greater. Canopy is type=subalpine 
calculated through a series of equations developed by ii.) if the forest type is not any of the above; 
Warbington and Levitan (1992) which calculate crown area habitat type = foot hills pine 
as a function of dbh. FVSPGM sums canopy by species, and h. if the crown area of red fir is greater than 50% 
then adjusts the species totals for overlapping canopy based of the total crown area; habitat type=red fir 
on the gap theory formula (USDA Forest Service 1994b): i. if the crown area of ponderosa pine is greater 
non-overlapping canopy percent equals (1-exp(-overlapping than 50% of the total crown area; habitat 
canopy percent)). type= ponderosa pine 

The steps in the determination of the WHR are: J. if the crown area of jeffrey pine is greater than 

1. Calculate crown area by the 11 FVSPGM species 50% of the total crown area; habitat type= 

groups jeffrey pine. 

2. Calculate crown area by WHR dbh classes (Table k. if none of the above criteria are met; habitat 


4). These values are used to determine if the stand 
is multi-layered. 

3. | Adjust crown area in species and dbh classes from 
overlapping to non-overlapping percent. 


type= mixed conifer 


Table 4: Definition of WHR size classes. 


Size Class WHR 
Code 


Seedling Tree 
Sapling Tree 
Pole Tree 


Small Tree 

Medium/Large 
Tree 

Multi-layered 


QMD Range 


<1" 


1" 7 
6" = 


11" 


5.9" 
10.9" 
- 23.9" 


+24" 
>24" has >25% canopy 


ae 


>6" 


closure 
23.9" has >25% 
canopy 
has 60% canopy 
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5. Determine Size Class. The WHR size classes are 
based on quadratic mean diameter (QMD) (Table 
4). 

The procedure used to calculate QMD is: 

aO Calculate QMD of stems greater than 5". If no 
stems are greater than 5", calculate the QMD 
of all stems. 

bO Determine if the stand is multi-storied. If the 
crown closure of stems greater than 24" is 
greater than 25%; and the crown closure of 
stems 6" to 24" is greater than 25%; and the 
crown closure of stems greater than 6" is 


greater than 60%; then the stand is multi- 
storied. 
cO Given the QMD, the corresponding WHR 
code can be read off of the chart given above, 
ie., a QMD of 14" matches to a WHR size 
class of four. 
6. Determine Canopy Class. 
Canopy class is based on the canopy closure of the 
codominants and dominants (Table 5). These stems 
are defined in the algorithm to be the stems in the 
WHR size class and above, i.e. for a stand of size 
class four, the canopy is summed for all stems 
greater than 11". 


Table 5: Definition of WHR canopy classes. 


Canopy Class: WHR Code Canopy Closure 


Non-Stocked 


Sparse 


Open 
Moderate 


Dense 


Fire Hazard Index 


One of goals in the stand level simulations is to reduce the 
likelihood of stand terminating fires. Stand terminating fires 
are most likely to result when several conditions are present: 
1) high fuel loadings leading to high flame lengths and high 
scorch heights, 

2) small diameter trees which are more susceptible to 
mortality from flame scorch, 

3) crowns extending to near the ground surface which create 
pathways for a fire to reach the crowns of adjacent trees 
(ladder fuels), 

4) high crown densities which would carry fire should it 
reach the tree crown level. 

In order to guide stand simulations toward structures 
which would reduce the likelihood of stand terminating fires 
we developed a fire hazard rating or index which 
incorporates both prefire fire conditions and postfire effects. 
The “fire hazard” rating is calculated based on three factors: 
1) percent of basal area a fire would kill if a fire occurred 
post-treatment, 

2) difference between the pretreatment flame length and 
post-treatment flame length and 
3) post-treatment percent canopy closure. 

The percent basal area killed is based on the predicted 

flame length. The predicted flame length is used to derive the 


< 10% 
10% - 24% 
25% - 39% 
40% - 59% 
60% - 100% 


scorch height from which the probability of a tree of given 
species and diameter dying due to fire can be estimated. The 
flame length is based on the current forest structure condition 
aggregated by vegetation type, and the silvicultural activities 
through time. Each factor is weighted as follows: 


Fire Hazard = 10* % basal area mortality - 2 *change in flame 
length + 20 * % canopy closure 


where the canopy and basal area mortality are expressed as 
decimal percent and the change in flame length is in feet. For 
example, if the post-treatment % basal area which would 
burn=40, the pre-treatment flame length was 6.0 ft. and the 
post-treatment flame length was 3.0 ft. and the post-treatment 
% canopy =50, the fire hazard index would be 10*.4 - 2*3 + 
20 * 5 or 8. 


The coefficients were developed through an iterative 
process which monitored forest structure relative to the 
probabilities of stem death and the minimization of fire- 
related death. No activity results in an increase in flame 
length; all activities other than wildfire result in a decrease in 
flame length. The SNEP fire disturbance group developed the 
flame length/activity and mortality relationships (Table 6 and 
Appendix 5). 
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Two special hazard index ratings, 99 and 95 are 
assigned for stand conditions which we assume would lead 
to a stand terminating event. The fire hazard index=99 is 
assigned when the canopy density is greater than 70% and 
the flame length is greater than 6.0 ft. The fire hazard 
index=95 is assigned when the canopy index is greater than 
70%, the flame length is lower than 6.0 ft, but some live 
crowns are close enough to the ground to create pathways for 
fire to reach the crowns of adjacent trees (fuel ladders). 


Flame Length 


Flame length is assumed to vary with fuel loading, wind, 
aspect, and slope. A set of standard extreme weather 
conditions were established for each administrative unit by the 
SNEP fire disturbance group (Bahro 1996). For each 
administrative unit, flame lengths for the existing stand were 
established for each vegetation strata, slope, and aspect. 
Using rules developed by Bahro (1996), flame lengths 
changed over time depending upon management actions, stand 
development, and slope and aspect (Table 6). 


Table 6: Assumed change of flame length (ft) per decade as a function of management activity and stand development. 


Action 

Precommercial Thin -2 
Prescribed Burn -2 
Harvest and Slash Treatment -I 
Fuel break -4 
No Action 


Ingrowth 


Ingrowth is the number of “small” trees incorporated into the 
simulation at each time step. It is based on the average 
number of small trees per acre in the inventory. The 
definition of “small” is based on dbh, and varies by forest 
type as follows: 


Forest type dbh 

A 0"-3" 
F 0"-4" 
H 0"-3" 
M O"-5" 
P O"-5" 
R Q"-4" 


The dbh classes are based on the relative growing 
potential and stocking of the strata. For example, the mixed 
conifer strata is more likely to have larger submerchantable 
trees than the alpine strata for similar ages. 

The number of small trees (SMALL TPA) is an estimate 
of typical stocking by forest type, rather than an estimate of 


South 
Steep Gentle 
-2 -2 -2 
-2 -2 -2 
-3 -1 -3 
-4 -4 -4 


what grows into a particular stand. SMALL TPA is defined 
as the mean number of tpa plus or minus a random deviation. 
The random deviation is plus or minus one standard 
deviation, based on observations of small tpa by strata in the 
FIA inventory. The mean and standard deviation are based 
on observations of small tpa by strata in the FIA inventory. 

FVSPGM compares the actual number of small trees in 
the stand being simulated with SMALL TPA to determine if 
additional small trees should be added to the simulation. 
Essentially this strategy makes sure the simulation always 
approximates the observed number of small trees. Ingrowth 
is calculated 10 years after the activity and is the first 
calculation at the beginning of the period. Thus no ingrowth 
occurs in the first period of the planning horizon. 
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Calculating Small Trees Per Acre 


The ingrowth function first determines the activity that 
occurred in the previous period. If the stand was thinned or 
had a non-crown fire, the typical tpa is based on the mean 
and standard deviation for the forest type. The introduction 
of a random deviation is to account for the range of 
variability in the FIA inventory. The random number for the 
deviation comes from a uniform distribution. 

If the stand had a crown fire, the typical tpa introduced 
into the simulation is preset. In Wilderness and national 
parks, 25 tpa, 0.8" dbh are added, non-Wilderness ALSEs 
get 100 tpa, non-ALSE lands are planted with 250 tpa. 


Determining If The Stand Is Understocked 


Once the typical number of small trees is calculated (stocking 
level 2), the number of small trees currently on the site is 
calculated (stocking level 1). These levels are compared and 
if stocking level 1 is greater than eighty percent of stocking 
2 there is a 20% probability the model will add more small 
trees. If stocking level 1 is less than eighty percent of 
stocking 2 there is a 50% probability the stand is under- 
stocked and more small trees will be added. 


Adding Tree Records 


Tree records are added to the tree list until the total number 
of small trees per acre equals stocking level 2. The species 
composition of the additional trees is approximated by the 
current species composition (as a function of basal area). If 
the stand had a stand terminating fire the previous period, the 
pre-burn species composition is used. The additional trees 
are a minimum of 1" dbh plus a random increment between 
0 and the maximum dbh for the forest type. If a stand burned 
in the previous period, an exception to this rule is made and 
all additional small trees will be 0.8" dbh at ten years. 


Revenues and Costs 


Log revenues and costs are based on tree dbh and total cubic 
feet removed respectively. Log revenues are computed by 
$/mbf values based on two-inch dbh classes up to 50 inches 
dbh (Appendix Table A3). Log revenues by species and 
diameter class were derived from USDA Forest Service mill 
studies and lumber values for second growth timber updated 
to 1992 (USDA Forest Service 1992). Lumber prices by 
diameter class were converted to log scale using mill study 
overrun factors. The log values were used to develop values 
per tree using species, tree height, and breast height diameter. 
The tree values are compiled into a lookup table which 


FVSPGM accesses at each possible move to determine stand 
value. 

Similarly, a harvesting cost lookup table was developed 
(Appendix Table A4). Logging costs include stump to mill, 
profit and risk, road maintenance and construction. Other 
costs considered include slash treatment costs, sale 
preparation costs, sale administration costs, and NEPA costs 
(Appendix Table A4). Logging, road construction, road 
maintenance and slash disposal costs were differentiated by 
ground slope. Costs are differentiated between flat (less than 
or equal to 40 percent ground slope) and steep ground 
(greater than 40 percent ground slope), and volume per acre 
removed. Ground based systems are used on the flat slopes 
while skyline logging is assumed on the steep slopes. Site 
preparation on the flatter slopes assumes mechanization is 
possible with more intensive preparation, while manual 
methods and less intensive preparation are assumed on the 
steeper slopes. Transportation distance was assumed to be 
120 miles round trip. Environmental Analysis costs were 
estimated at $23/mbf ($115/mcf) following a study by 
Campbell (1995). Sale preparation and administration costs 
were based on estimated average sale costs on the Eldorado 
National Forest (Bodenhausen, 1995). 


Volumes 


Gross inventory volumes and harvest volumes are calculated 
from equations developed by Wensel and Olson (1993). Net 
volume, (net of visual defect only) is calculated from 
equations developed by Levitan (1995) where net volume is 
a function of gross volume. 


Logging Damage 


FVSPGM anticipates that logging damage will occur when 
a stand is entered for harvest. The sources of mortality are 
assumed to be tree breakage from felling and equipment 
related damage from subsequent skidding and yarding. 
Damage is concentrated in trees 10-20 feet tall. Mortality 
from felling is assumed to be a function of the canopy area 
of trees harvested. The felling mortality rate for the trees 10- 
20 feet tall is estimated as 65% multiplied by the percent of 
canopy removed. Mortality from skidding or yarding is 
assumed constant at a mortality rate of 3.5% of the trees in 
the 10-20 foot height class due to equipment either running 
over the trees or lines pulling the trees over. As an example, 
if 30 percent of the canopy is removed during harvest, the 
percent of the small trees killed during logging is equal to .65 
x .30 + .035 = .23 or 23 percent. 
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Modeling Fire at the Stand Level 


FVSPGM takes into account two kinds of fire: wildfire, and 
prescribed fire. Wildfire is assumed to occur under a specific 
set of extreme weather conditions which are established for 
each administrative area by the SNEP fire disturbance group. 
Prescribed fire is assumed to occur under less severe weather 
conditions. This section describes the methodology for 
estimating mortality from wildfire and prescribed fire and the 
rules for changing flame length as a function of management 
activity. 


Wildfire 


FVSPGM estimates stem mortality due to wildfire given the 
flame length, species, diameter, height to the live crown, 
canopy closure, and topography. The initial flame lengths are 
input into FVSPGM by forest type, slope, and aspect. The 
flame length increases if no activity occurs in a stand, and 
decreases as a function of type of activity (prescribed 
burning, fuel break installation/maintenance, or thinning and 
partial harvest). A harvest which cuts trees for which 80% or 
more of the harvested basal area comes from trees less than 
11” dbh is defined as a precommercial thinning and has a 
different flame length response than a selective harvest of 
larger trees. 

Stem mortality is calculated based on a table of fire 
effects probabilities for non-crown fires derived by Bahro 
(1995) using the USDA First Order Fire Effects Model 
(Appendix Table A5). These probabilities are by 2-inch dbh 
classes for 3 species groups [other conifer, red fir, cedar, 
hardwoods; sugar and ponderosa pine; Douglas-fir], and are 
referenced by scorch height. FVSPGM sums the fire effects 
probabilities for all dbh/species groups in the stand. The 
summed probabilities are then multiplied by the standing 
basal area in each dbh/species group to determine the percent 
of basal area killed in the stand. These probabilities are also 
multiplied by standing trees per acre to determine trees per 
acre killed by the fire. 

Stand replacement fires are modeled as killing all stems 
in the stand, i.e., stand terminating. Tree or stem mortality 
occurs when the flame length is greater than 6 ft. and the 
canopy closure is greater than 70%; or when there is a 
presence of ladder fuels (dbh < 8”’) and the flame length is 
long enough to get into these crowns (and canopy closure is 
greater than 70%). Ladder fuels are present and susceptible 
to carrying fire when the average height to the live crown 
base of these stems is less than the 4.5 times the flame 
length, less 7.5 feet. 

Snags burn at the rate (0.6389*log(flame length)- 
0.5989) percent in non-crown fires. All snags burn in a 


crown fire. All large woody debris burns completely 
regardless of fire intensity. 

The level of salvage is a function of the strategy. 
Strategies for the matrix lands, such as Matrix-Rank 3, or 
Max NPV allow salvage of 66% of the volume, except for 
the three largest snags created by the fire. The ALSE goal 
sets leave all burned stems greater than 24” as snags and 
salvage 66% of the stems 12-24” dbh. 


Prescribed Fire 


Prescribed burning is modeled by removing trees from the 
stand based on predefined mortality probabilities, supplied 
by the SNEP fire disturbance group (Table 7). Stems greater 
in size than the minimum snag diameter, 24", are recruited 
into the stand snag list. No volume is salvaged from 
prescribed burns. 


Table 7: Mortality from prescribed fire by DBH class 


DBH Class 


0.0 - 5.5" 
5.6"- 11.5" 
116"- 17.5" 
176"- 23.5" 
236"- 29.5" 
290"- 35.5" 
36+ 


Mortality from 
Prescribed Fire (%) 


Defensible Fuel Profile Zones (Fuel Breaks) 


The “fuel break” activity has been defined to permit 
examination of issues in the policy analysis model. The 
objective of the fuel break is to establish forest conditions 
under which it is likely that suppression forces could stop the 
spread of a wildfire. These forest conditions are expressed as 
a combination of flame length which affects the resistance to 
control at the ground level and canopy closure which reflects 
the opportunity for fire to spread through the crowns. 

The establishment of a fuel break is modeled as a 
harvest which brings the residual canopy closure down to 
30%. This canopy reduction is reached through a two-step 
harvesting process which removes small to large trees. The 
first step brings the canopy down to 40%, the second step 
brings the canopy to 30%. 
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The two steps are differentiated by the proportion of 

hardwoods which are harvested relative to the conifer 
harvest, and the minimum dbh harvested. The first stage cuts 
hardwoods at 50% of the conifer rate, and cuts in all the dbh 
classes (biomass) including saplings. After the canopy has 
been reduced to 40% (stage one), the net revenues of the 
harvest are calculated. If the revenues are positive, step two 
removes trees greater than 5.5" dbh in the same proportion 
of conifer to hardwoods as step one. 
However, if the revenues at this point are negative, step two 
will only harvest conifers, and the minimum dbh harvested is 
17.5" to maintain positive cash flow. Step two continues 
until the canopy is less than 30% closure. 


The harvest in each step is an iterative process (Table 8). 
The first iteration in step one harvests a pre-specified 
percentage of all trees in a dbh class, i.e. the initial harvest 
percent. If this first pass fails to bring the canopy down to 
40%, the second iteration removes an additional 25% of the 
initial harvest percentage; (if the initial % is 20%, the second 
iteration will remove an additional 5%, 0.20 * 0.25 =0.05). 
The iterations continue until the canopy goal is met, or a 
maximum percentage of the stems in a dbh class are 
removed. The second step continues with the ending harvest 
percent from step one. 


Table 8: Harvest percents by diameter class in the harvest steps 


Initial Harvest % 

60% 
20% 
10% 
5% 

2% 
0.5% 
0.5% 


DBH CLASS 
0.0 - 5.5" 
5.6" - 11.5" 
11.6" - 17.5" 


17.6" - 23.5" 

23.6" - 29.5" 

29.0" - 35.5" 
36+ 


If a fuel break installation activity ("B" activity) has been 
specified, the fuel break algorithm will begin if the stand 
currently has more than 40% canopy closure. If the stand 
does not have more than 40% canopy closure, no activity is 
undertaken. 

The fire breaks must be installed in either the first or 
second period. They are maintained, i.e. the canopy is 
reduced to below 30%, every 20 years. Observations of 
growth indicate the canopy typically reaches about 50% 
closure approximately 20 years after it has been thinned back 
to 30% crown closure. 


Equivalent Roaded Acres (ERA) 


The Equivalent Roaded Acres (ERA) method is being used 
in the regional simulations to estimate cumulative 


Maximum Harvest % 


Harvest Increase % 
25% 
25% 
25% 
25% 
25% 
25% 
25% 


95% 
95% 
90% 
85% 
85% 
80% 
80% 


watershed impacts of harvest, site preparation, wildfire, and 
grazing. The ERA method is based upon relating the amount 
of ground cover in terms of that which would exist for an 
area without cover, i.e., a road. Revegetation (recovery) after 
disturbance is time and impact related. The ERA coefficients 
used in this study (Table 9) are derived from the Eldorado 
National Forest publication "Cumulative Off-Site Watershed 
Effects (CWE) Analysis Process" (Eldorado National Forest, 
1995). Further discussion can be found in Menning et al. 
(1996). 

For each activity, an ERA factor is calculated using the 
coefficients in Table 9 with the following exceptions for 
selection harvst and wildfire. Since all harvesting activities 
involve some level of selection harvest the ERA coefficients 
has been modified to differentiate between levels of harvest 
activity by the relationship 
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Table 9: Eldorado ERA coefficients (Eldorado National Forest, 1995). 


Activity or Impact Years since impact 
1 2 5 10 20 50 
I. Transportation system (multiply road coefficients by 1.5 when slope is >40%)* 


A. System & non-system 
roads and landings 


1. good drainage 1.0 1.0 1.0 1.0 1.0 1.0 


2. poor drainage 1.5 Fixing road during problems associated with ditches, 
culverts, etc.: coefficients return to 1.0 


3. diversion potential 2.0 Same comment as above 
B. Abandoned roads and 1.0 0.9 0.9 0.8 0.8 0.8 
landings 
C. Trails (recreational) 1.0 1.0 1.0 1.0 1.0 1.0 
D. Ripped and obliterated 0.4 0.3 0.3 0.2 0.1 0.1 


roads and landings 
IL. Silvicultural system 


A. Tractor (includes 
impact due to skid 


trails) 

1. Clearcut and seed 0.25 0.24 0.20 0.15 0.10 0.08 
tree 

2. Shelterwood 0.22 0.20 0.15 0.10 0.10 0.08 

3. Overstory removal 0.20 0.16 0.12 0.10 0.10 0.08 

4. Sanitation/Salvage 0.15 0.10 0.08 0.05 0.05 0.04 

5. Selection/Thinning 0.15 0.12 0.10 0.08 0.08 0.08 

B. Cable 
1. Clearcut 0.15 0.14 0.10 0.05 0 0 
2. Overstory Removal 0.10 0.06 0.02 0 0 0 


C. Helicopter 


1. Clearcut & seed tree 0.10 0.09 0.05 0.02 0 0 
2. Overstory removal 0.05 0.05 0.05 0 0 0 
3. Sanitation/Salvage 0.02 0 0 0 0 0 


4. Selection/Thinning 0.05 0.02 0.01 0 0 0 


ERA = max (.01 * mbf removed, .08) <= 0.20. 


For wildfire, the ground cover is being related to fire 
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Table 9. (cont.) Eldorado ERA coefficients (Eldorado National Forest, 1995) 


Il. Site preparation method 
A. Mechanized 

1. Pile & Burn 
2. YSM Tractor 
3. YSM cable 
4. Crush & Chip 

B. Non-mechanized 
1. Broadcast burning L-M 
2. Hand pile & burn 
3. Lop & scatter slash 

C. Herbicides 


D. Rip/obliterate skid 
trails 


E. Hand grubbing 

F. Disc (not plowed) 
VI. Wildfire 

A. Crown (0-10% CC) 


B. High intensity (10-40% 
CC) 


C. Moderate intensity (40- 
60% CC) 


D. Low intensityy (60+% CC) 


V. Grazing in flat riparian 
areas* 


severity through flame height where 


Flame Height Average ERA for decades after fire 
(ft) 1 2 3 
>12 0.20 0.075 0.025 
8-12 0.102 0.025 0 
4-8 0.005 0 0 


ooonr 


(multiply fire coefficients by 1.5 when slope is >40%)* 


0.30 0.20 0.10 


0.15 0.10 


*All the items in italics--grazing coefficients and corrections for slopes over 40% -- are modifications to the Eldorado method based on 
meetings of cumulative watershed specialists convened by the Sierra Nevada Ecosystem Project in May, 1995. 


ERA factors over time are not additive. At each point in time 
the assumed ERA impact is the maximum of either the 
impact resulting from the current activity or the residual 
impact of the past activity. 

The activities being generated during the individual 
stand projection are generalized and non-spatial, that is, they 
reflect management treatment or fire activity by forest type, 
condition, slope and aspect. ERA contributions due to 
previous harvesting, fire, and road construction are added 
during the regional simulations as are ERA contributions of 
future road construction and grazing. During the regional 
simulations, the allocation of activities is constrained by the 
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cumulative ERA over contiguous areas approximately 3000 
to 7000 acres in size. The allowable ERA limits are a policy 
variable and vary by management zone and scenario. 


EXAMPLES OF FVSPGM OUTPUT 


An example of the FVSPGM yield streams for five different 
strategies has been constructed for the vegetation strata M3G 
(mixed conifer, size class three, heavy canopy closure) on 
site one, southwest aspect, ground slope less than 40 percent. 
The five strategy examples are: 


1. ALSE - Rank 4 

2. Matrix - Rank 3 

3. Matrix - Rank 2 

4. Maximize Present Net Value 
5. Minimize Fire Hazard 


In this analysis for those prescriptions which permit 
harvesting, we used the prescription "HHHHH" which 
potentially permits a harvest each period. Whether a harvest 
actually takes place each period will depend upon the 
contribution of a potential harvest to the goal. 

We also illustrate two other prescriptions which might 
be used to reach goals when harvest is not allowed: 1) 
"NNNNN" (no action) and 2) "PPPPP" (prescribed burn each 
decade) to show effects where harvest is not allowed. A third 
prescription, Fuel Break, which illustrates establishing a 
defensible fuel profile zone is also shown. 

The first time period begins in 1996 so the midpoint is 
the year 2001. The number of harvest entries, level of harvest 
removals, effect on LS/OG rank, mean stand diameter, 
canopy closure, fire hazard and residual stand value are 
compared (Table 10, Appendix Table A6, and Figure 1). 

Activities are permitted for the first five 10-year periods, 
but we have shown the simulation for ten 10-year periods to 
illustrate the longer run effects. Except where noted, the 
discussion below refers to the first five periods (50 years). 
Detailed output is shown in Appendix Table A6. 


No Action 


Under "NO ACTION", NNNNN, the LS/OG rank increases 
from 3 to 4 over the five periods, the quadratic mean 
diameter grows from 12.7 to 16.0 inches, and the canopy 
closure increases from 87% to 129%. Canopy closure can 
exceed 100 percent due to summing the canopies of all trees 
and overlapping canopies occurring. The number of trees per 
acre greater than 30 inches in diameter increase from almost 
10 to a little over 23 over the 50 years. The initial fire 


hazard, 99, indicates that all trees would probably die should 
a fire originate in or reach this stand. 


Prescribed Fire 


Under the prescribed fire activity set, PPPPP, LS/OG rank 
also reaches 4, but the residual canopy is steadily reduced to 
63% after 50 years, resulting in an ending fire hazard of 14, 
although the fire hazard for the first 25 years would still 
probably result in a stand terminating event. The number of 
trees greater than 30 inches is about 13 percent lower than 
under the NO ACTION after 50 years due to fire induced 
mortality from prescribed burning. The ending quadratic 
mean diameter is much larger than under NO ACTION due 
to the removal of the smaller stems through a repeated 
program of prescribed fire. The present net value is the 
lowest of all the prescriptions due to cost of the prescribed 
fire program. 


ALSE Rank 4 


Under the goal of ALSE RANK 4, harvest occurs in the first 
four periods removing a total of 20.0 thousand board feet. 
Harvest in the first two periods is oriented toward reducing 
fire hazard by removing ladder fuels and slash treatment with 
biomass recovery. Harvest in the remaining periods is 
oriented toward reaching structural goals of large trees while 
maintaining low fire hazard through density control. The fire 
hazard after treatment in the first period is reduced from 99 
to 10 and is held in the range 7 to 14 over the 50 years. 
LS/OG rank 4 is reached by the second period and the 
number of trees greater than 30 inches is about 6 percent 
lower than under NO ACTION at the end of 50 years. The 
ending quadratic mean diameter is about 25 percent larger 
than under NO ACTION due to the removal of ladder fuels. 


Matrix Rank 3 


Under the goal MATRIX RANK 3, harvest occurs in four of 
the five periods removing 30 mbf. The LS/OG rank stays 
between 3 and 4 over the planning horizon. The ending 
quadratic mean diameter is about 10 percent larger than 
under NO ACTION. The canopy closure is reduced 


Table 10: Summary comparison of simulation example results under different goals. 


Goal i i i Ending Ending i Ending Ending Harvest Present 
Canopy Mean Inventory Volume Net 
in. in. Closure Diameter! MBF MBF 
: 3 : : a= a= Beg. = : 


2. ALSE Rank 4 


6. Min. Fire Hazard 


NOTE: Except PNV, all ending outputs are for the end of the fifth period. PNV is calculated using outputs of the first five periods plus residual inventory value projected at the tenth period. 


'Mean diameter is Quadratic Mean Diameter (QMD). 

"ERA is averaged over the first five periods. Units are equivalent roaded acres per acre. If area is previously unroaded, ERA = 0. Otherwise we assume at least a salvage harvest has occurred in the past with 
cumulative ERA = 0.08. 

*Harvest entries are over the first five periods. 


TREES/ACRE 
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—@— NO-ACTION 


MBF/ACRE 


2001 2011 2021 2031 2041 2051 


Figure 1a. Inventory before harvest from simulation examples under different goals. 


—@— NO-ACTION 
~~ ALSE-4 
he MT RX-3 
—@— MTRX-2 


—M— MAX-NPV 
—@— MIN-FIRE 
—@— FUEL-BRK 
—+-~ Rx-BURN 


2001 2011 2021 2031 2041 2051 


Figure 1b. Trees per acre over 30" diameter before harvest from simulation examples 
under different goals. 
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from 87% to 49% over the planning horizon. The number of 
trees greater than 30 inches in diameter increases from 10 to 
about 16 over the five periods. The initial fire hazard is 99, 
but is brought to 9 after harvest in the second period. The 
ending value of the stand is about 6 percent less than under 
NO ACTION, but the present net value is almost 14 times 
that under NO ACTION. 


Matrix Rank 2 


Under the goal MATRIX RANK 2, harvest occurs in four of 
the five periods removing almost 40 mbf. The LS/OG rank 
stays between 2 and 4 over the planning horizon. The ending 
quadratic mean diameter is about 23 percent larger than 
under NO ACTION. The canopy closure is reduced from 
87% to 37% over the planning horizon. The number of trees 
greater than 30 inches in diameter increases from 10 to about 
14 over the five periods. The initial fire hazard is 99, but is 
brought to 10 after harvest in the first period. The ending 
value of the stand is about 11 percent less than under NO 
ACTION, but the present net value is almost 10 times that 
under NO ACTION. 


Max PNV 


Under the goal of MAX PNV harvest occurs in all periods 
removing 53 mbf. LS/OG rank varies between 2 and 4. 
Ending quadratic mean diameter is smaller than under NO 
ACTION due to heavy removals in the larger diameter 
classes. Canopy closure reduced from 87% to 68% over the 
planning horizon, but is above 90% in some periods. Trees 
greater than 30 inches fall from about 10 to 6 and trees 
greater than 40 inches are almost eliminated. Fire hazard is 
reduced to 13 after harvest in the second period and remains 
low. As expected, this simulation has the highest present net 
value. 


Min Fire Hazard 


Under the goal of MIN FIRE HAZARD harvest occurs in the 
first four periods and a positive net revenue is produced in all 
cases. After treatment in the first period, fire hazard is 
reduced to a very low level and stays there for the remaining 
periods in the 50-year planning horizon. Quadratic mean 
diameter at 50 years is much higher than under NO ACTION 
due to heavy removals in the smaller diameter classes. 
Canopy closure is also greatly reduced. LS/OG rank stays 
between 2 and 4. The ending value of the stand is less than 


under NO ACTION, but the present net worth is more than 
10 times that of NO ACTION. 


Fuel Break 


Under the FUEL BREAK activity, harvest occurs in each of 
the five periods removing about 21 mbf. The initial entry 
revenue is positive and strong, but maintenance entries in the 
second through fourth periods are slightly negative and 
period five is slightly positive. Under this activity fire hazard 
is brought to a very low level after treatment in the first 
period through removal of fuel ladders and crown density 
reduction and maintained at a low level. LS/OG rank is 
initially reduced to 2, but climbs over the 5 periods to end at 
rank 4. The number of trees larger than 30 inches is reduced 
from 10 to about 8 during the first period and then increases 
to about 12 by the end of 50 years. The number of trees 
larger than 40 inches increases from 2 to about 7 over the 50 
years. The ending value of the stand is about 20 percent 
lower than under NO ACTION, but the present net worth is 
more than 9 times that of NO ACTION. 


OUTPUT FOR POLICY SIMULATION 


A file of abbreviated information from the FVSPGM 
prescriptions containing the harvest per period, rank, WHR, 
flame length, hazard index, and basal area which would be 
killed if a fire occurred under extreme weather conditions is 
prepared for export to the policy analysis model. A 
prescription is produced for each combination of strategy, 
forest type, activity, slope, and aspect. The prescriptions for 
a typical forest run include prescriptions for each of 6 
strategies x 50 vegetation strata x 324 activities x 2 slopes 
x 2 aspects or approximately 390,000 prescriptions. These 
prescriptions then become the pool of activities from which 
the policy simulation model can draw from to achieve the 
objectives for each administrative unit (national forest or 
national park). A separate pool of prescriptions is prepared 
for each administrative unit. 


CONCLUDING REMARKS 


The use of single stand dynamic programming algorithms to 
provide input for subsequent regional optimization models 
is not new. For example, DPDFSIM (Johnson and Sleavin 
1984), the dynamic programming-based optimizer for the 
Douglas-fir growth model DFSIM (Curtis et al. 1981) has 
been widely used by the USDA Forest Service since the early 
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1980’s to develop prescriptions for forest scheduling using 
linear programming. 

The distinguishing differences between FVSPGM and 
other single stand optimization algorithms are the detailed 
specification of the state space, i.e., the seven species groups 
and seven dbh classes, and the use of the ecological objective 
function to minimize deviations from silvicultural and 
ecological goals. The objective function guides the dynamic 
program to achieve solutions as close to the goals as 
possible. 

The exponential weighting of the deviations of the goals 
penalizes larger deviations more than smaller deviations. 
This form of goal programming has been criticized by some 
analysts because it requires the knowledge of both the goals 
and relative tradeoffs between goals to establish the weights 
(penalties). For this problem, where the ecological goals are 
specified, the use of preset goals with exponential deviations 
seems a reasonable approach. 

Beyond the use of FSVPGM as a multi-goal driven 
dynamic program is a third difference between this approach 
and other single stand optimization models. Embedded 
within the dynamic programming algorithm is the best path 
for stand development given the current state. In our 
problem, all of the strategies being considered include the 
possibility of wildfire occurring during the planning horizon. 
This possibility could be considered a meta-state so that for 
each strategy, a prescription is developed for the possibility 
that a wildfire occurs one or more times during the planning 
horizon. These “best” paths (prescriptions) given a fire 
occurs are then passed to the policy simulator which 
simulates the stochastic occurrence of wildfire and 
management’s reaction to it. Although our examples of 
FVSPGM did not illustrate the occurrence of fire in the 
“NNNNN” and “HHHHH” goal sets due to manuscript 
space limitations, the additional yield streams with fire 
provide management with not only an estimate of the fire 
effects which would occur, but also what management 
actions could be taken to maintain progress to the original 
goal given that the fire does occur. 
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Appendix Table Al. Summary of Target Levels, Weights and Penalties by Goal and Aspect. 


iTRIX RANK 2 .TRIX RANK 3 
L ASPECTS 1k Ahead = 20 years L ASPECTS 1k Ahead = 20 years 


Target Weight Penalty Achieve Metric Target Weight Penalty 


exactly 

exactly 
n/a 

at least 
n/a 

at most 
n/a 
n/a 

exactly 


SE RANK 3 SE RANK 3 
‘RTHEAST ik Ahead = 30 years UTHWEST 1k Ahead = 30 years 


Target Weight Penalty Achieve Metric Target Weight Penalty 


at least 
exactly 
n/a 
at least 
n/a 
at most 
n/a 
n/a 
at least 


SE RANK 4 SE RANK 4 
‘RTHEAST 1k Ahead = 30 years UTHWEST 1k Ahead = 30 years 


Target Weight Penalty Achieve Metric Target Weight Penalty 


at least 
exactly 
at least 
at least 
n/a 
at most 
n/a 
n/a 
at least 


NIMIZE FIRE X NPV 
L ASPECTS 1k Ahead = 10 years L ASPECTS 1k Ahead = 10 years 


Target Weight Penalty Achieve Metric Target Weight Penalty 
at least 


at least 
n/a 


n/a 
n/a 
at most 
at most 
at least 
n/a 


Achieve 


exactly 
exactly 
n/a 
at least 
n/a 
at most 
n/a 
n/a 
exactly 


Achieve 


at least 
exactly 
n/a 
at least 
n/a 
at most 
n/a 
n/a 
at least 


Achieve 


at least 
exactly 
at least 
at least 
n/a 
at most 
n/a 
n/a 
at least 


Achieve 
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Appendix Table A2. Summary of Criteria to Determine Rank 


‘OG Rank ‘ge Tree DBH n# TPA aopy Closure 2rmediate Canopy igs/Acre 
8 Py 


sstside and Eastside Mixed Conifer, Ponderosa Pine 


5 40 10 55% 10% 2.0 
4 40 6 40% 0% 2.0 
4 40 2 55% 10% 2.0 
4 30 12 55% 0% 0.5 
3 40 6 20% 0% 0.5 
3 40 2: 40% 0% 0.5 
3 30 6 40% 0% 0.5 
2 40 2 20% 0% 0.0 
2 30 2 20% 0% 0.0 
2 24 20 40% 0% 0.0 
1 30 0.5 10% 0% 0.0 
b-Alpine 
5 30 10 40% 0% 0.5 
4 30 6 20% 0% 0.5 
4 24 10 40% 10% 2.0 
3 30 2 10% 0% 0.0 
3 24 2 20% 0% 0.5 
2 30 0.5 10% 0% 0.0 
24 0.5 10% 0% 0.0 
lite Fir 
5 40 10 60% 10% 2.0 
5 40 10 60% 0% 2.0 
4 40 6 40% 0% 2.0 
4 30 10 40% 0% 2.0 
3 30 6 40% 0% 2.0 
3 40 2 40% 0% 0.0 
2 30 2 20% 0% 0.0 
2 24 20 40% 0% 0.0 
Red Fir 

5 40 10 55% 10% 4.0 
5 40 10 55% 0% 4.0 
4 40 6 40% 0% 2.0 
4 30 10 10% 0% 2.0 
4 30 6 40% 0% 0.5 
3 30 2 20% 0% 0.5 
2 30 0.5 10% 0% 0.0 
2. 24 20 40% 0% 0.0 
1 24 10 10% 0% 0.0 
1 16 20 40% 0% 0.0 
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Appendix Table A2. Summary of Criteria to Determine Rank (cont.) 


‘OG Rank ‘ge Tree DBH n# TPA aopy Closure 2rmediate Canopy gs/Acre 
Hardwoods 
5 24 15 40% 10% 2.0 
4 24 6 40% 10% 0.5 
4 18 15 40% 10% 0.5 
3 18 6 40% 10% 0.5 
2 18 2 20% 0% 0.0 
Juniper 
5 30 10 40% 0% 2.0 
4 30 4 20% 0% 2.0 
3 30 2 10% 0% 2.0 
3 30 0.5 40% 0% 0.0 
2 24 20 20% 0% 0.0 
1 24 5 40% 0% 0.0 
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Appendix Table A3. Log Prices Used in FVSPGM by Species and Diameter, $/mbf Scribner Decimal C Log Scale, 16-ft Basis. 


Ps | 29 | 329 [32 | sn «| as C00 
OS 
Oa 
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Appendix Table A4. Harvesting Costs Used in FVSPGM (with profit and risk, roads, slash, NEPA costs, sale preparation and administration for 
slopes <40%). MCF = thousand cubic feet. 
Ground based logging costs $/MCF 


Stand MCF per acre 


Transportation = $200/MCF trucking (120 mile round trip) 


<40% 
Road Maint & Const ($/MCF) $75.00 Environmental Analysis (NEPA) $115/MCF 
Slash Disposal ($/acre) $100.00 Sale Preparation $125/MCF 


Sale Administration $75/MCF 
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Appendix Table A4 (cont). Harvesting Costs Used in FVSPGM (with profit and risk, roads, slash, NEPA costs, sale preparation and 
administration for slopes >40%). MCF = thousand cubic feet. 


Cable logging costs $/MCF 


Stand MCF per acre 


Transportation = $200/MCF trucking (120 mile round trip) 


>40% 
Road Maint & Const ($/MCF) $100.00 Environmental Analysis (NEPA) $115/MCF 
Slash Disposal ($/acre) $225.00 Sale Preparation $125/MCF 


Sale Administration $75/MCF 


Appendix Table 5a. Fire Mortality Rates Used in FVSPGM by Species, Diameter and Scorch Height (from Bahro, 1995). 


PONDEROSA PINE 


AVERAGE PROBABLITIES OF MORTALITY IN PONDEROSA PINE FOR 5 FOOT SCORCH HEIGHT INTERVALS BY DIAMETER 
SCORCH HEIGHTS (FEET) 


5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
2 0.56 0.65 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 
4 0.50 0.50 0.50 0.61 0.65 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 
6 0.35 0.35 0.35 0.35 0.36 0.52 0.56 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 
8 0.24 0.24 0.24 0.24 0.24 0.24 0.37 0.50 0.52 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 
0) 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.28 0.45 0.51 0.52 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 
12 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.21 0.38 0.47 0.50 0.56 0.71 0.71 0.71 0.71 0.7 0.71 0.71 
\4 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.17 0.33 0.45 0.49 0.55 0.71 0.71 0.71 0.7 0.71 0.71 
16 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.09 0.15 0.30 0.42 0.48 0.49 0.71 0.71 0.7 0.71 0.71 
18 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.08 0.14 0.28 0.41 0.47 0.49 0.70 0.70 0.70 0.70 
20 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.07 0.14 0.27 0.39 0.45 0.48 0.54 0.70 0.70 
22 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.07 0.14 0.27 0.38 0.45 0.47 0.53 0.69 
24 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.08 0.15 0.27 0.38 0.44 0.47 0.53 
6 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.05 0.08 0.16 0.28 0.38 0.43 0.46 
28 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.05 0.09 0.18 0.29 0.38 0.43 
30 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.06 0.11 0.20 0.30 0.38 
32 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.07 0.12 0.22 0.31 
34 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.04 0.08 0.14 0.24 
36 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.05 0.09 0.17 
38 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.04 0.06 0.11 
10 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.04 0.08 
S. 0.13 0.13 0.15 0.15 0.16 0.18 0.19 0.22 0.23 0.26 0.28 0.32 0.34 0.37 0.40 0.44 0.47 0.50 0.54 0.57 
SUGAR PINE 


AVERAGE PROBABLITIES OF MORTALITY IN SUGAR PINE FOR 5 FOOT SCORCH HEIGHT INTERVALS BY DIAMETER 
SCORCH HEIGHTS (FEET) 


Tree 

DBH 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
2 0.79 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
4 0.74 0.74 0.74 0.89 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
6 0.68 0.68 0.68 0.68 0.70 0.87 0.97 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
8 0.63 0.63 0.63 0.63 0.63 0.63 0.72 0.88 0.97 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
10 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.61 0.77 0.90 0.97 0.99 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
12 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.54 0.67 0.82 0.92 0.97 0.99 0.99 1.00 1.00 1.00 1.00 1.00 
14 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.48 0.59 0.74 0.87 0.94 0.97 0.99 0.99 0.99 0.99 0.99 
16 0.41 0.41 0.41 0.41 0.41 041 041 0.41 0.41 0.41 0.43 0.53 0.67 0.81 0.91 0.95 0.98 0.99 0.99 0.99 
18 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.39 0.47 0.61 0.75 0.86 0.93 0.96 0.98 0.99 
20 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.35 0.43 0.56 0.70 0.82 0.90 0.94 0.97 
22 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.32 0.39 0.51 0.65 0.78 0.87 0.92 
24 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.29 0.36 0.47 0.61 0.74 0.84 
26 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.23 0.27 0.34 0.44 0.57 0.70 
28 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.21 0.25 0.32 0.42 0.54 
30 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.19 0.23 0.30 0.40 
32 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.18 0.22 0.29 
34 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.15 0.17 0.21 
36 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.14 0.16 
38 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.13 
40 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.11 


AVGS. 0.36 0.37 0.37 0.38 0.39 0.40 0.40 0.42 0.43 0.45 0.46 0.48 0.50 0.53 0.56 0.58 0.61 0.64 0.68 0.71 


Appendix Table 5b. Fire Mortality Rates Used in FVSPGM by Species, Diameter and Scorch Height (from Bahro, 1995) (cont.). 


DOUGLAS FIR 
AVERAGE PROBABLITIES OF MORTALITY IN DOUGLAS FIR FOR 5 FOOT SCORCH HEIGHT INTERVALS BY DIAMETER 
SCORCH HEIGHTS (FEET 


Tree 
DBH 5 10 15 20 25: 30 35 40 45 50 55 60 65 
2 0.88 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
4 0.62 0.66 0.90 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
6 0.48 0.48 0.53 0.77 0.93 0.98 0.99 0.99 0.99 0.99 0.99 0.99 0.99 
8 0.35 0.35 0.35 0.44 0.67 0.86 0.95 0.98 0.99 0.99 0.99 0.99 0.99 
10 0.25 0.25 0.25 0.27 0.38 0.59 0.79 0.91 0.96 0.98 0.99 0.99 0.99 
12 0.19 0.19 0.19 0.19 0.22 0.34 0.53 0.73 0.87 0.93 0.96 0.98 0.98 
14 0.14 0.14 0.14 0.14 0.15 0.20 0.32 0.50 0.69 0.83 0.91 0.95 0.96 
16 0.11 0.11 0.11 0.11 0.11 0.13 0.19 0.31 0.48 0.65 0.79 0.88 0.93 
18 0.08 0.08 0.08 0.08 0.08 0.09 0.12 0.19 0.30 0.46 0.63 0.77 0.86 
20 0.07 0.07 0.07 0.07 0.07 0.07 0.09 0.12 0.20 0.31 0.46 0.62 0.75 
22 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.09 0.13 0.21 0.32 0.46 0.61 
24 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.09 0.14 0.22 0.33 0.47 
26 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.07 0.10 0.15 0.24 0.35 
28 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.05 0.07 0.11 0.17 0.26 
30 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.06 0.08 0.13 0.19 
32 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.05 0.06 0.10 0.15 
34 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.04 0.05 0.07 0.11 
36 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.04 0.06 0.09 
38 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.04 0.05 0.07 
40 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.04 0.06 
AVGS. 0.17 0.18 0.20 0.22 0.25 0.28 0.32 0.36 0.40 0.44 0.49 0.54 0.59 
WHITE FIR 


AVERAGE PROBABLITIES OF MORTALITY IN WHITE FIR FOR 5 FOOT SCORCH HEIGHT INTERVALS BY DIAMETER 
SCORCH HEIGHTS (FEET 


Tree 
DBH 5 10 15 20 25 30 35 40 45 50 ‘53 60 65 

2 0.87 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

4 0.72 0.72 0.87 0.97 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

6 0.62 0.62 0.63 0.74 0.89 0.96 0.99 1.00 1.00 1.00 1.00 1.00 1.00 

8 0.53 0.53 0.53 0.53 0.63 0.79 0.90 0.96 0.98 0.99 0.99 1.00 1.00 
10 0.43 0.43 0.43 0.43 0.45 0.55 0.69 0.83 0.91 0.96 0.98 0.99 0.99 
12 0.35 0.35 0.35 0.35 0.35 0.38 0.48 0.61 0.75 0.86 0.92 0.96 0.98 
14 0.29 0.29 0.29 0.29 0.29 0.29 0.33 0.42 0.54 0.67 0.79 0.88 0.93 
16 0.23 0.23 0.23 0.23 0.23 0.23 0.24 0.29 0.37 0.48 0.61 0.73 0.83 
18 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.21 0.25 0.33 0.43 0.55 0.67 
20 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.16 0.18 0.23 0.30 0.39 0.50 
22: 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.14 0.16 0.21 0.27 0.36 
24 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.12 0.15 0.19 0.25 
26 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.10 0.11 0.14 0.18 
28 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.09 0.11 0.13 
30 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.10 
32 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.08 
34 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06 
36 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
38 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05 
40 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 


AVGS. 0.26 0.26 0.27 0.28 0.29 0.31 0.33 0.36 0.39 0.41 0.44 0.48 0.51 
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1.00 
1.00 
0.99 
0.99 
0.99 
0.98 
0.97 
0.95 
0.91 
0.83 
0.73 
0.61 
0.48 
0.37 
0.28 
0.22 
0.17 
0.13 
0.10 
0.08 


0.64 


70 


1.00 
1.00 
1.00 
1.00 
0.99 
0.98 
0.96 
0.89 
0.78 
0.62 
0.46 
0.33 
0.24 
0.17 
0.13 
0.10 
0.08 
0.06 
0.05 
0.04 


0.54 


75 


1.00 
1.00 
0.99 
0.99 
0.99 
0.98 
0.97 
0.96 
0.93 
0.89 
0.82 
0.72 
0.61 
0.50 
0.40 
0.31 
0.24 
0.19 
0.15 
0.12 


0.69 


75 


1.00 
1.00 
1.00 
1.00 
0.99 
0.99 
0.97 
0.93 
0.85 
0.73 
0.57 
0.43 
0.31 
0.22 
0.16 
0.12 
0.10 
0.08 
0.06 
0.05 


0.58 


80 


1.00 
1.00 
0.99 
0.99 
0.99 
0.98 
0.97 
0.96 
0.95 
0.92 
0.87 
0.80 
0.72 
0.62 
0.52 
0.42 
0.34 
0.28 
0.22 
0.18 


0.74 


80 


1.00 
1.00 
1.00 
1.00 
0.99 
0.99 
0.98 
0.96 
0.90 
0.81 
0.68 
0.53 
0.40 
0.29 
0.22 
0.16 
0.12 
0.09 
0.08 
0.06 


0.61 


85 


1.00 
1.00 
0.99 
0.99 
0.99 
0.98 
0.97 
0.96 
0.95 
0.93 
0.90 
0.85 
0.79 
0.71 
0.63 
0.54 
0.45 
0.37 
0.31 
0.25 


0.78 


85 


1.00 
1.00 
1.00 
1.00 
0.99 
0.99 
0.99 
0.97 
0.94 
0.87 
0.77 
0.64 
0.50 
0.38 
0.28 
0.21 
0.16 
0.12 
0.10 
0.08 


0.65 


90 


1.00 
1.00 
0.99 
0.99 
0.99 
0.98 
0.97 
0.96 
0.95 
0.94 
0.92 
0.89 
0.84 
0.78 
0.71 
0.64 
0.56 
0.48 
0.41 
0.34 


0.82 


90 


1.00 
1.00 
1.00 
1.00 
0.99 
0.99 
0.99 
0.98 
0.96 
0.91 
0.84 
0.73 
0.60 
0.47 
0.36 
0.27 
0.20 
0.16 
0.12 
0.10 


0.68 


95 


1.00 
1.00 
0.99 
0.99 
0.99 
0.98 
0.97 
0.96 
0.95 
0.94 
0.92 
0.90 
0.87 
0.83 
0.78 
0.72 
0.65 
0.58 
0.51 
0.44 


0.85 


95 


1.00 
1.00 
1.00 
1.00 
0.99 
0.99 
0.99 
0.98 
0.97 
0.94 
0.88 
0.80 
0.69 
0.57 
0.45 
0.35 
0.26 
0.20 
0.16 
0.12 


0.72 


100 


1.00 
1.00 
0.99 
0.99 
0.99 
0.98 
0.97 
0.96 
0.95 
0.94 
0.92 
0.91 
0.89 
0.86 
0.82 
0.77 
0.72 
0.66 
0.60 
0.53 


0.87 


100 


1.00 
1.00 
1.00 
1.00 
0.99 
0.99 
0.99 
0.98 
0.97 
0.95 
0.92 
0.86 
0.77 
0.66 
0.54 
0.43 
0.33 
0.26 
0.20 
0.16 


0.75 


Appendix Table A6.1._ Output Examples for Stand Simulation under Different Goals (M3G Strata). 


GOAL: NO ACTION Present Net Value $409 

Begining Harvest Residual Ingrowth/ Begining Harvest Residual Growth Begining Harvest Residual Growth Begining Harvest Residual 
PER TPA TPA TPA Mortality SBA SBA SBA SBA MBF MBF MBF MBF QMD QMD QMD 
2001 276 0 276 0 244 0 244 0 35.7 0.0 35.7 0.0 12.7 0.0 12.7 
2011 426 0 426 150 283 0 283 38 44.0 0.0 44.0 8.2 11.0 0.0 11.0 
2021 384 0 384 -42 322 0 322 40 52.9 0.0 52.9 9.0 12.4 0.0 12.4 
2031 313 0 313 -71 340 0 340 18 60.3 0.0 60.3 74 14.1 0.0 14.1 
2041 257 0 257 -55 358 0 358 17 68.0 0.0 68.0 BT 16.0 0.0 16.0 
2051 548 0 548 291 395 0 395 38 75.6 0.0 75.6 7.6 11.5 0.0 11.5 
2061 451 0 451 -97 420 0 420 25 83.1 0.0 83.1 15 13.1 0.0 13.1 
2071 387 0 387 -64 441 0 441 21 90.9 0.0 90.9 7.8 14.5 0.0 14.5 
2081 566 0 566 179 473 0 473 32 98.6 0.0 98.6 77 12.4 0.0 12.4 
2091 487 0 487 -80 495 0 495 23 105.3 0.0 105.3 6.7 13.7 0.0 13.7 
2101 425 0 0 -61 518 0 0 23 113.0 0.0 0.0 BT 14.9 0.0 0.0 

Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Begining Harvest 
PER Rank Rank WHR WHR Canopy Canopy Intr. Can Intr. Can Fire Haz Fire Haz 30"+ tpa 30"+ tpa 40"+ tpa 40"+ tpa Snags LWD Revenues 
2001 3 3 M4M M4M 87% 87% 23% 23% 99.0 99.0 9.6 9.6 2 2 3.5 3.2 $0 
2011 4 4 M6M M6M 101% 101% 27% 27% 99.0 99.0 12.2 12.2 2.4 2.4 3.0 4.3 $0 
2021 4 4 M6D M6D 111% 111% 31% 31% 99.0 99.0 16.5 16.5 3.9 3.9 2.8 O32) $0 
2031 4 4 M6D M6D 108% 108% 28% 28% 99.0 99.0 19.3 19.3 D2 52, 3:3 6.1 $0 
2041 4 4 M6D M6D 104% 104% 26% 26% 99.0 99.0 20.6 20.6 6.3 6.3 4.1 7A $0 
2051 4 4 M6D M6D 129% 129% 33% 33% 99.0 99.0 23.2 23.2 9.2 9.2 4.8 8.2 $0 
2061 5 5 M6D M6D 129% 129% 35% 35% 99.0 99.0 25.2 25.2 10.9 10.9 5.4 9.3 $0 
2071 5 5, M6D M6D 128% 128% 33% 33% 99.0 99.0 26.4 26.4 114 11.4 5.6 10.4 $0 
2081 5 5 M6D M6D 143% 143% 33% 33% 99.0 99.0 28.7 28.7 12.9 12.9 5.7 11.2 $0 
2091 5 5 M6D M6D 143% 143% 37% 37% 99.0 99.0 29.8 29.8 14.9 14.9 6.1 12.0 $0 
2101 5. 0 M6D 143% 0% 38% 0% 99.0 0.0 30.4 0.0 15.3 0.0 6.0 12.7 $27,169 


Appendix Table A6.2. Output Examples for Stand Simulation under Different Goals (M3G Strata). 


GOAL: ALSE - RANK 4 Present Net Value $1,878 

Begining Harvest Residual Ingrowth/ Begining Harvest Residual Growth Begining Harvest Residual Growth Begining Harvest Residual 
PER TPA TPA TPA Mortality SBA SBA SBA SBA MBF MBF MBF MBF QMD QMD QMD 
2001 276 161 115 0 244 28 217 0 35.7 0.7 35 0 12.7 5.6 18.6 
2011 384 288 96 269 264 24 240 47 43.4 1.2 42.3 8.4 11.2 3.9 21.4 
2021 163 10 149 67 284 42 242 44 53.4 9.1 44.4 11.1 17.9 27.6 17.3 
2031 138 11 127 -11 270 22 248 28 55.1 3.8 51.4 10.8 18.9 19.4 18.9 
2041 120 13 108 -7 280 27 252 31 64.4 5.2 59.2 13 20.6 19.8 20.7 
2051 104 0 104 -4 280 0 280 27 68.6 0 68.6 9.4 22.2 0 22.2 
2061 94 0 94 -9 297 0 297 17 i ess) 0 193 6.7 24 0 24 
2071 84 0 84 -10 310 0 310 13 81 0 81 5.8 26 0 26 
2081 432 0 432 348 333 0 333 23 85.6 0 85.6 4.5 11.9 0 11.9 
2091 364 0 364 -68 350 0 350 18 88.2 0 88.2 2.6 13.3 0 13.3 
2101 314 0 0 -50 367 0 0 17 93.3 0 0 5.2 14.6 0 0 

Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Begining Harvest 
PER Rank Rank WHR WHR Canopy Canopy Intr. Can Intr. Can Fire Haz Fire Haz 30"+ tpa 30"+ tpa 40"+ tpa 40"+ tpa Snags LWD Revenues 
2001 3 3 M4M M4M 87% 64% 23% 22% 99.0 10.0 9.6 9.6 2.0 2.0 3:5 3.2 ($215) 
2011 4 4 M4M M4M 80% 59% 23% 20% 95.0 7.0 11.9 11.9 2.9 2.9 2.6 4.2 $225 
2021 4 4 M6D M4M 11% 62% 25% 21% 16.0 14.0 14.7 13.2 3.4 3.4 2.1 4.8 $2,654 
2031 4 4 M4M M4M 64% 58% 17% 13% 15.0 13.0 16.3 14.5 5.0 5.0 2.1 5.2 $1,306 
2041 4 4 M4M M5M 62% 56% 17% 15% 14.0 13.0 17.9 17.9 6.6 6.6 2.2 5.6 $1,772 
2051 4 4 M4M M4M 61% 61% 16% 16% 14.0 16.0 21.7 21.7 8.9 8.9 2.0 6.0 $0 
2061 5 5 M5M M5M 63% 63% 17% 17% 14.0 16.0 22.0 22.0 11.8 11.8 2.3 6.4 $0 
2071 5 5 M5M M5M 63% 63% 16% 16% 14.0 16.0 21.2 21.2 14.1 14.1 2.9 7A $0 
2081 5 5 M5M M5M 84% 84% 12% 12% 95.0 99.0 20.4 20.4 15.2 15.2 3.6 8.1 $0 
2091 5 5 M4M M4M 92% 92% 11% 11% 99.0 99.0 20.8 20.8 14.6 14.6 4.2 9.2 $0 
2101 4 0 M4M 93% 0% 9% 0% 99.0 0.0 20.8 0.0 15.8 0.0 4.1 10.2 $27,865 


Appendix Table A6.3. Output Examples for Stand Simulation under Different Goals (M3G Strata). 


GOAL: MATRIX - RANK 3 Present Net Value $3,980 
Begining Harvest Residual Ingrowth/ Begining Harvest Residual Growth Begining Harvest Residual Growth Begining Harvest Residual 

PER TPA TPA TPA Mortality SBA SBA SBA SBA MBF MBF MBF MBF QMD QMD QMD 
2001 276 63 200 0 244 46 198 0 35.6 4.6 31.0 0.0 12.7 11.6 13.5, 
2011 367 35 318 168 240 38 202 43 39.3 6.0 33.3 8.3 10.9 13.9 10.8 
2021 287 84 192 -31 243 86 156 40 44.8 14.4 30.4 11.5 12.4 13.7 12:2 
2031 189 0 189 -3 192 0 192 35 37.9 0.0 37.9 15 13.6 0.0 13.6 
2041 182 82 100 -7 226 37 189 34 47.8 5.0 42.8 9.9 15.1 9.0 18.7 
2051 472 0 472 373 254 0 254 65 52.4 0.0 52.4 9.6 9.9 0.0 9.9 
2061 408 0 408 -64 291 0 291 37 57.3 0.0 57.3 4.9 11.4 0.0 11.4 
2071 336 0 336 -72 305 0 305 14 63.0 0.0 63.0 5.6 12.9 0.0 12.9 
2081 453 0 453 117 331 0 331 26 70.1 0.0 70.1 7A 11.6 0.0 11.6 
2091 379 0 379 -74 349 0 349 19 76.3 0.0 76.3 6.2 13.0 0.0 13.0 
2101 325 0 0 -54 368 0 0 18 83.6 0.0 0 73 14.4 0.0 0.0 

eee eee a 

Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Begining Harvest 

PER Rank Rank WHR WHR Canopy Canopy Intr. Can Intr. Can Fire Haz Fire Haz 30"+ tpa 30"+ tpa 40"+ tpa 40"+ tpa Snags LWD Revenues 
2001 3 3 M4M M4M 87% 67% 25% 20% 99.0 10.0 8.8 8.3 2.0 2.0 333 3.2 $1,286 
2011 4 4 M4M M4M 81% 69% 24% 22% 95.0 10.0 11.1 10.0 3.1 3.1 2.7 4.2 $1,949 
2021 4 3 M4M M4P 16% 49% 17% 1% 17.0 10.0 13:3. 8.7 3.7 33 2.5 5.0 $3,985 
2031 3 3 M4P M4P 57% 57% 9% 9% 14.0 16.0 10.8 10.8 5.2 5.2 2.0 5.4 $0 
2041 4 4 M4P M4P 63% 49% 17% 17% 15.0 10.0 13.8 11.5 7.2 6.2 1.8 5.6 $1,606 
2051 4 4 P4M P4M 80% 80% 22% 22% 19.0 95.0 15.7 15.7 6.8 6.8 1.5 5.6 $0 
2061 4 4 P6M P6M 88% 88% 19% 19% 20.0 23.0 15.7 15.7 6.7 6.7 1.8 5.8 $0 
2071 4 4 M6M M6M 87% 87% 16% 16% 20.0 23.0 16.3 16.3 7.2 72 2.3 6.2 $0 
2081 4 4 M6M M6M 97% 97% 19% 19% 95.0 99.0 19.8 19.8 75 75 2.5 6.7 $0 
2091 4 4 M6M M6M 99% 99% 19% 19% 99.0 99.0 21.2 21.2 8.7 8.7 2.7 72 $0 
2101 4 0 M6M 99% 0% 23% 0% 99.0 0.0 20.8 0.0 9.1 0.0 2.8 Wad, $24,298 


Appendix Table A6.4 Output Examples for Stand Simulation under Different Goals (M3G Strata). 


GOAL: MATRIX - RANK 2 Present Net Value $5,660 
Begining Harvest Residual Ingrowth/ Begining Harvest Residual Growth Begining Harvest Residual Growth Begining Harvest Residual 

PER TPA TPA TPA Mortality SBA SBA SBA SBA MBF MBF MBF MBF QMD QMD QMD 
2001 276 49 216 0 244 38 206 0 35.7 5.1 30.6 0.0 12.7 12.0 13.2 
2011 399 23 300 183 247 60 185 42 38.9 11.9 27.0 8.3 10.7 21.7 10.6 
2021 272 63 200 -27 231 74 157 46 38.2 11.8 26.5 11.2 12.5 14.6 12 
2031 197 127 70 -3 201 80 121 45 37.1 11.0 26.2 10.7 13.7 10.8 17.8 
2041 69 0 69 -1 146 0 146 25 32.1 0.0 32.1 6.0 19.7 0.0 19.7 
2051 448 0 448 379 203 0 203 57 40.7 0.0 40.7 8.6 9.1 0.0 9.1 
2061 S77 0 577 129 259 0 259 56 49.2 0.0 49.2 8.5 9.1 0.0 9.1 
2071 455 0 455 -123 305 0 305 46 57.9 0.0 57.9 8.7 11.1 0.0 11.1 
2081 328 0 328 -127 331 0 331 26 66.9 0.0 66.9 9.0 13.6 0.0 13.6 
2091 252 0 252 -76 355 0 355 24 76.8 0.0 76.8 9.9 16.1 0.0 16.1 
2101 199 0 0 -53 377 0 0 22 86.9 0.0 0 10.1 18.6 0.0 0.0 

ire eee eee ara 

Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Begining Harvest 

PER Rank Rank WHR WHR Canopy Canopy Intr. Can Intr. Can Fire Haz Fire Haz 30"+ tpa 30"+ tpa 40"+ tpa 40"+ tpa Snags LWD Revenues 
2001 3 3 M4M M4M 87% 10% 23% 23% 99.0 95.0 9.6 72 2.0 2.0 355 3.2 $1,397 
2011 4 4 M6M M4P 89% 65% 30% 22% 95.0 9.0 10.5 6.1 2.6 2.2 2.9 4.3 $4,274 
2021 4 3 M4M M4P 81% 58% 22% 9% 19.0 14.0 8.0 76 2.4 2.0 2.4 5.0 $3,551 
2031 4 2 M4P M4P 66% 35% 17% 11% 15.0 9.0 10.3 8.9 2.4 2.0 2.0 5.4 $3,373 
2041 2 2 M4P M4P 37% 37% 8% 8% 9.0 11.0 10.4 10.4 2.6 2.6 1.8 5.6 $0 
2051 4 4 M4P M4P 73% 73% 14% 14% 95.0 95.0 13.6 13.6 5.5 5.5 1.6 5.6 $0 
2061 4 4 M6M M6M 89% 89% 13% 13% 95.0 95.0 15.1 15.1 6.4 6.4 17 5.8 $0 
2071 4 4 M6M M6M 95% 95% 11% 11% 23.0 99.0 14.5 14.5 6.8 6.8 2.1 6.1 $0 
2081 4 4 M6D M6D 90% 90% 33% 33% 99.0 99.0 15.1 15.1 8.1 8.1 2.7 6.8 $0 
2091 4 4 M6D M6D 86% 86% 35% 35% 99.0 99.0 15.3 15.3 78 78 3.4 77 $0 
2101 5 0 M6D 83% 0% 30% 0% 99.0 0.0 15.6 0.0 10 0.0 3.6 8.6 $25,440 


Appendix Table A6.5 Output Exmples for Stand Simulation under Different Goals (M3G Strata). 


GOAL: MAXIMIZE PRESENT NET VALUE Present Net Value $7,401 

Begining Harvest Residual Ingrowth/ Begining Harvest Residual Growth Begining Harvest Residual Growth Begining Harvest Residual 
PER TPA TPA TPA Mortality SBA SBA SBA SBA MBF MBF MBF MBF QMD QMD QMD 
2001 276 11 253 0 244 56 188 0 35.7 13.8 21.9 0.0 12.7 30.9 117 
2011 439 3 429 186 243 16 227 55 30.7 3.6 27.2 8.8 10.1 33.6 9.8 
2021 371 3 366 -58 281 22 258 54 42.4 5.8 36.6 15:2 11.8 34.8 114 
2031 322 8 313 -44 309 26 284 51 49.4 4.8 44.5 12.8 13.3 24.2 12.9 
2041 276 52 224 -37 333 114 219 49 57.9 25.1 32.8 13.4 14.9 20.0 13.4 
2051 574 0 574 350 302 0 302 83 49.0 0.0 49.0 16.2 9.8 0.0 9.8 
2061 424 0 424 -150 330 0 330 27 57.6 0.0 57.6 8.6 11.9 0.0 11.9 
2071 332 0 332 -92 355 0 355 26 68.0 0.0 68.0 10.4 14.0 0.0 14.0 
2081 440 0 440 108 389 0 389 34 78.3 0.0 78.3 10.3 12.7 0.0 12.7 
2091 349 0 349 -91 417 0 417 28 88.8 0.0 88.8 10.5 14.8 0.0 14.8 
2101 291 0 0 -58 441 0 0 24 99.0 0.0 0.0 10.2 16.7 0.0 0.0 

eee 

Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Begining Harvest 
PER Rank Rank WHR WHR Canopy Canopy Intr. Can Intr. Can Fire Haz Fire Haz 30"+ tpa 30"+ tpa 40"+ tpa 40"+ tpa Snags LWD Revenues 
2001 3 2 M4M M4M 87% 74% 23% 22% 99.0 95.0 9.6 4.2 2.0 0.7 3:3 3.2 $4,833 
2011 3 2 M4M M4M 84% 80% 18% 18% 95.0 13.0 12: 45 0.8 0.8 2.6 4.2 $1,355 
2021 ) 3 M4M M4M 92% 89% 30% 29% 21.0 21.0 9.8 7.0 1.4 1.1 2:3 4.8 $1,512 
2031 3 3 M6D M4M 97% 91% 29% 28% 22.0 21.0 11.9 8.5 2.0 2 2.2 5.3 $2,096 
2041 4 2, M6D M4M 96% 68% 30% 31% 22.0 17.0 15.1 3.1 2.0 0.6 2.2 S37 $9,805 
2051 3 3 M6M M6M 110% 110% 29% 29% 26.0 95.0 6.3 6.3 0.8 0.8 2.2 6 $0 
2061 4 4 M6D M6D 108% 108% 25% 25% 25.0 27.0 13.6 13.6 1.3 1.3 2.6 6.5 $0 
2071 4 4 M6D M6D 105% 105% 20% 20% 24.0 27.0 22.6 22.6 1.4 1.4 3ul 72 $0 
2081 4 4 M6D M6D 111% 111% 30% 30% 95.0 99.0 23.7 23.7 2.6 2.6 4.2 8.6 $0 
2091 4 4 M6D M6D 111% 111% 38% 38% 99.0 99.0 24.5 24.5 4 4 5 10.2 $0 
2101 4 0 M6D 111% 0% 37% 0% 99.0 0.0 23.8 0.0 6.2 0.0 5.2 11.8 $30,890 


Appendix Table A6.6 Output Examples for Stand Simulation under Different Goals (M3G Strata). 


GOAL: MINIMIZE FIRE HAZARD Present Net Value $4,148 

Begining Harvest Residual Ingrowth/ Begining Harvest Residual Growth Begining Harvest Residual Growth Begining Harvest Residual 
PER TPA TPA TPA Mortality SBA SBA SBA SBA MBF MBF MBF MBF QMD QMD QMD 
2001 276 160 116 0 244 40 205 0 35.7 4.5 31.2 0.0 12.7 6.8 18.0 
2011 377 312 65 261 245 64 181 40 39.2 7.0 32.1 8.0 10.9 6.1 22.7 
2021 135 32 93 70 216 70 146 35 43.9 14.0 29.9 11.8 17.1 20.2 17.0 
2031 92 15 77 -1 178 20 158 33 39.7 4.9 34.8 9.8 18.9 15.9 19.4 
2041 716 0 716 -1 185 0 185 27 42.7 0.0 42.7 19 21.1 0.0 21.1 
2051 75 0 75 -1 212 0 212 27 50.1 0.0 50.1 15 22.8 0.0 22.8 
2061 74 0 74 -1 239 0 239 27 58.5 0.0 58.5 8.4 24.4 0.0 24.4 
2071 72 0 72 -2 267 0 267 27 67.4 0.0 67.4 9.0 26.1 0.0 26.1 
2081 408 0 408 336 304 0 304 37 76.1 0.0 76.1 8.6 11.7 0.0 11.7 
2091 322 0 322 -86 312 0 312 9 715 0.0 715 1.4 13.3 0.0 13.3 
2101 273 0 0 -50 327 0 0 14 81.8 0.0 0.0 4.2 14.8 0.0 0.0 

(eee 

Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Begining Harvest 
PER Rank Rank WHR WHR Canopy Canopy Intr. Can Intr. Can Fire Haz Fire Haz 30"+ tpa 30"+ tpa 40"+ tpa 40"+ tpa Snags LWD Revenues 
2001 3 3 M4M M4M 87% 61% 23% 22% 99.0 9.0 9.6 6.9 2.0 1.9 3.5 3.2 $1,101 
2011 4 3 M4M M4M 19% 45% 26% 17% 95.0 4.0 9:3 8.0 2.8 2.8 2.6 4.2 $1,706 
2021 4 2 M5M M5P 55% 38% 15% 13% 13.0 9.0 11.7 9.3 3.6 3.6 2.0 47 $4,815 
2031 3 3 M5P MS5P 46% 41% 13% 13% 11.0 10.0 12.8 9.5 49 4.9 1.6 5.0 $1,605 
2041 4 4 M4P M4P 45% 45% 12% 12% 11.0 13.0 10.0 10.0 6.1 6.1 1.4 5.1 $0 
2051 4 4 M5M M5M 49% 49% 14% 14% 12.0 14.0 14.6 14.6 6.7 6.7 13 5.1 $0 
2061 4 4 M5M M5M 54% 54% 1% 1% 12.0 15.0 15.0 15.0 9 9 1.2 5.1 $0 
2071 4 4 M5M M5M 57% 57% 9% 9% 13.0 15.0 15.4 15.4 9 9 1.1 5.0 $0 
2081 4 4 M5M M5M 80% 80% 13% 13% 99.0 99.0 19.7 19.7 9.3 9.3 1.6 5.2 $0 
2091 4 4 M5M M5M 84% 84% 11% 11% 99.0 99.0 23.7 23.7 9.4 9.4 3.8 6.6 $0 
2101 4 4 M5M M5M 87% 0% 6% 6% 99.0 99.0 24.0 24.0 9.8 9.8 4.0 8.2 $25,906 


Appendix Table A6.7.. Output Examples for Stand Simulation under Different Goals (M3G Strata). 


GOAL: PRESCRIBED BURN Present Net Value $199 
Begining Burned Residual Ingrowth/ Begining Burned Residual Growth Begining Burned Residual Growth Begining Burned Residual 

PER TPA TPA TPA Mortality SBA SBA SBA SBA MBF MBF MBF MBF QMD QMD QMD 
2001 276 106 170 0 244 26 218 0 35.7 2.1 33.7 0.0 12.7 6.7 15.3 
2011 400 203 196 230 257 26 232 39 41.6 222. 39.4 79 10.9 4.8 14.7 
2021 181 58 122 -16 262 20 242 31 47.3 2.4 45.0 8.0 16.3 8.0 19.0 
2031 113 19 93 -10 267 16 250 24 52:5 2.5 50.0 75 20.8 12.4 22:2, 
2041 88 9 79 -5 271 15 262 27 58.3 2.7 55.6 8.4 24.0 17.0 24.7 
2051 442 0 442 363 310 0 310 48 63.8 0.0 63.8 8.2 11.3 0.0 11.3 
2061 360 0 360 -82 330 0 330 20 68.7 0.0 68.7 4.9 13.0 0.0 13.0 
2071 304 0 304 -56 346 0 346 16 74.8 0.0 74.8 6.1 14.5 0.0 14.5 
2081 553 0 553 250 375 0 375 29 80.3 0.0 80.3 5.6 111 0.0 11.1 
2091 460 0 460 -93 397 0 397 22 85.6 0.0 85.6 5:2. 12.6 0.0 12.6 
2101 394 0 0 -66 417 0 0 20 92.0 0.0 0.0 6.4 13.9 0.0 0.0 

a ee 

Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Residual Begining Begining Harvest 

PER Rank Rank WHR WHR Canopy Canopy Intr. Can Intr. Can Fire Haz Fire Haz 30"+ tpa 30"+ tpa 40"+ tpa 40"+ tpa Snags LWD Revenues 
2001 3 3 M4M M4M 87% 71% 23% 21% 99 99 9.6 9:2 2.0 1.9 3.5 3.2 ($75) 
2011 4 4 M6M M6M 91% 71% 25% 23% 99 95. 11.8 11.3 23 2.2 4.2 4.9 ($75) 
2021 4 4 M6M M4M 71% 67% 27% 25% 95 11 15.2 14.6 3.6 3.5 4.9 6.8 ($75) 
2031 4 4 M6M M4M 10% 64% 23% 21% 15 14 17.5 16.8 4.5 4.4 5.8 8.7 ($75) 
2041 4 4 M5M M5M 67% 63% 21% 19% 15 14 17.9 17.2 5.9 5.7 6.6 10.8 ($75) 
2051 4 4 MSM MSM 98% 98% 19% 19% 21 95 20.3 20.3 8.4 8.4 7.6 12.9 $0 
2061 4 4 M4M M4M 101% 101% 17% 17% 22 24 20.6 20.6 9.0 9.0 7.8 14.8 $0 
2071 4 4 M6M M6M 100% 100% 15% 15% 22 24 24.2 24.2 9.3 9.3 4 Fe) 16.1 $0 
2081 5 5 M6M M6M 119% 119% 17% 17% 95 99 24.0 24.0 12.3 12.3 7.6 17.1 $0 
2091 5 5 M6M M6M 120% 120% 23% 23% 99 99 25.9 25.9 13.7 13.7 77 17.9 $0 
2101 5 0 M6D 120% 0% 33% 0% 99 0.0 26.0 0.0 13.9 0.0 77 18.5 $23,273 


Appendix Table A6.8 Output Examples for Stand Simulation under Different Goals (M3G Strata). 


GOAL: FUELBREAK 


PER 


2001 
2011 
2021 
2031 
2041 
2051 
2061 
2071 
2081 
2091 
2101 


PER 
2001 
2011 
2021 
2031 
2041 
2051 
2061 
2071 
2081 
2091 
2101 


Begining 
TPA 


276 
301 
107 

47 

39 
405 
370 
326 
371 
317 
240 


Begining 


Rank 


& S ff fF fF FWY NY WW 


Harvest 


TPA 


240 
193 


n 
oO 


Residual 
Rank 


N 


co fF fF fF FF FF WY NY DN 


ee | 


Present Net Value 


Residual 
TPA 


32 
108 


Begining 
WHR 
M4M 
M5S 
M4S 
M4P 
M5P 
M5P 
M4P 
M6M 
M6M 
M6M 
M6D 


Ingrowth/ 
Mortality 


Residual 
WHR 
M5S 
M5S 
M4S 
M4S 
M5P 
M5P 
M4P 
M6M 
M6M 
M6M 


$3,767 


Begining 


SBA 


244 
113 
122 
132 
142 
179 
213 
251 
292 
330 
351 


Begining 


Canopy 


87% 
48% 
37% 
31% 
32% 
63% 
73% 
78% 
88% 
92% 
88% 


Harvest 


SBA 


Residual 
Canopy 
28% 
30% 
29% 
29% 
30% 
63% 
73% 
78% 
88% 
92% 
0% 


BE GS & S&S GS tA a Ue “he 


Residual 
SBA 


Begining 
Intr. Can 
23% 
4% 
5% 
5% 
1% 
6% 
6% 
17% 
20% 
41% 
27% 


Growth 
SBA 


Residual 
Intr. Can 
1% 
4% 
4% 
5% 
1% 
6% 
6% 
17% 
20% 
41% 
0% 


Begining 
MBF 
35.7 
20.9 
27.3 
31.6 
35.2 
39.8 
45.1 
52.5 
60.3 
69.5 
78.4 


Begining 
Fire Haz 
99.0 
12.0 
9.0 
8.0 
8.0 
15.0 
17.0 
19.0 
95.0 
99.0 
99.0 


Harvest 


MBF 


17.8 
0.9 


Residual 


Fire Haz 


0.0 
3.0 
7.0 
7.0 
7.0 
17.0 
20.0 
95.0 
99.0 
99.0 
0.0 


Residual 
MBF 


17.9 


Begining 


30"+ tpa 


9.6 

8.7 

9.2 

10.3 
112 
11.8 
12.2 
13.4 
13.3 
14.2 
14.3 


Growth 
MBF 


Residual 
30"+ tpa 
7.6 
8.3 
9.2 
9.8 


Begining 
QMD 


12.7 


Begining 
40"+ tpa 
2.0 
2.6 
332 
5.3 
6.2 
6.8 
75 
8.2 
8.9 
8.7 
9.5 


Harvest 


QMD 


Residual 
40"+ tpa 
2.0 
2.5 
3.2, 
5.1 
6.1 
6.8 
ope 
8.2 
8.9 
8.7 
0.0 


Residual 
QMD 


Begining 
Snags 
3:5 
3.1 
3.0 
0.2 
0.9 
0.2 
0.5 
0.8 
1.0 
1.3 
2.0 


Begining 
LWD 
3.2 
78 
8.8 
11.5 
11.5 
11.8 
11.3 
10.9 
10.5 
10.2 
10.2 


Harvest 
Revenues 
$4,597 
($75) 
($89) 
($75) 
$164 
$0 
$0 
$0 
$0 
$0 
$22,266 
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METHODOLOGY FOR SIMULATING FOREST 
GROWTH, FIRE EFFECTS, TIMBER HARVEST, AND 
WATERSHED DISTURBANCE UNDER DIFFERENT 
MANAGEMENT REGIMES' 


ABSTRACT 


The potential for large destructive fire is a major 
ecological, economic and social issue in the Sierra 
Nevada, especially in the mixed conifer zone where 
fire suppression and harvest have created fuel 
conditions believed to be unlike those of the past. 
Also, the health of late successional forests, 
watersheds, communities of people and the potential 
for timber production are important issues there. We 
have built a model to simulate forest structure and 
composition under different management objectives 
for the federal forests of the Sierra Nevada 
emphasizing the interaction of forests, fire, 
watersheds, and people. The purpose of this report is 
to explain our approach and to compare it to previous 
efforts. 

Strategic forest planning models have traditionally 
focused on human alteration of forests to provide a 
sustained yield of timber output. Large scale 
disturbance processes, such as fire, have been ignored, 
subsumed into yield functions, or, more recently, 
recognized as another kind of "harvest" that could 
result in a recycling of acres back to earlier ages or 
different stand conditions. 

We have undertaken a somewhat different 
approach to incorporating large scale disturbance, such 
as fire, into strategic forest planning. First, we divide 
each federal forest into approximately 200-400 
polygons based on composition and _ structure to 
segregate the forest based on __late-successional 
condition. Then we further subdivide each polygon 
into three zones based on distance from stream and 
other attributes to segregate the forest in terms of 
potential impacts of activities on aquatic 
environments. Finally, we further stratify each zone 


by vegetation type, tree size and density of 
vegetation, aspect and slope. 

The potential for damage from fire under extreme 
weather conditions is calculated for each stand type 
based on likely flame length, crown density, height to 
live crown and other variables. This potential for 
damage is modified over time as the characteristics of 
the strata change and is used to estimate fire effects if 
a fire occurs. 

We first attempt to achieve goals for these forests 
without recognition of fire. Goals for forest conditions 
and outputs over time that can guide the analysis 
include achieving a distribution of forest structure and 
composition that achieve late-successional goals, 
limiting watershed disturbance, limiting fire hazard, 
and achieving an even-flow of timber harvest volume. 
These goals can be achieved by applying two kinds of 
actions (prescribed fire and various intensities of 
timber harvest) or by leaving the forest to grow 
without intervention. 

Given the planned actions that best meet the goals 
of an analysis and their outputs and effects over time, 
we allocate fires of different sizes onto the landscape 
in each period according to a historical profile of 
ignition probabilities and fire size in the polygons. 
The historical profile is described by the number of 
fires by size over the period of record. Also, a 
weather pattern is generated, in a probabilistic fashion, 
based on historical weather records. A fire of any size 
will have differing effects on the strata within the 
polygons where the fires occur based on_ strata 
condition. 

In our analysis, fire behavior can be modified by 
human intervention in three ways: 1) alteration of 
fuels during commercial timber harvest, 2) fuel 
reduction treatments including mechanical treatment 


' Sierra Nevada Ecosystem Project: Final Report to Congress, vol. Il. Assessments and scientific basis for management options. Davis: University of California. 


Centers for Water and Wildland Resources. 1996. 


116 


ADDENDUM 


of fuels and prescribed burning, and 3) creation of 
shaded defensible fuel profile zones (fuel breaks). The 
first two methods affect fire severity; the third affects 
fire size. 

Given the pattern of inputs, actions, outputs and 
effects that result, we then undertake a number of 
simulations to estimate the average impact of fire on 
the forest and also the variation in this impact. At 
the end of each period in a simulation, decisions are 
made whether to salvage and/or postpone green tree 
harvest depending upon watershed conditions in the 
local watershed (polygon). 

We then summarize forest conditions, outputs, 
and effects over time from the intersection of planned 
actions, fire, and reaction to its effects. We also 
estimate the ending condition of the forest in terms of 
late-successional characteristics, watershed 
disturbance, potential for severe fire, and other 
measures. 

We call this model Simulation and Analysis of Fire 
Effects in the FORESTS of the Sierra Nevada (SAFE 
FORESTS). 

We believe that this approach advances _ the 
modeling of forests in fire-dominated landscapes in a 
number of ways. First, it enables us to place fire on a 
landscape. Thus, it overcomes a number of problems 
with previous approaches by allowing recognition of 
the place-related effects of fire. Second, the spatial 
nature of the fire simulation allows for the testing of 
fire control activities such as fuel breaks that have an 
inherent spatial nature. Third the "process" approach 
implied by calculation of fire hazard based on _ stand 
condition, recognition of weather patterns, and actual 
placement of fire on the landscape enables the 
dynamic calculation of fire effects. | Fourth, it 
attempts to simultaneously recognize and relate goals 
for watersheds, late-successional forests, fuel 
treatment, and other values. 


INTRODUCTION 


The Need to Assess Strategies for the 
Conservation of Late-successional Forests in 
Fire-Prone Landscapes 


The Sierra Nevada Ecosystem Project (SNEP) is an 
assessment of the entire Sierra Nevada ecoregion. It 
was commissioned by Congress in the 1993 
Appropriation Act which authorized funds for a 
“scientific review of the remaining old growth in the 
national forests of the Sierra Nevada in California, and 
for a study of the entire Sierra Nevada ecosystem by 
an independent panel of scientists (Appendix A, 
Sierra Nevada Ecosystem Project, (1994)).” In 


addition, the Steering Committee guiding the work of 
SNEP charged the Science Team, in part, “to develop 
a range of alternative management strategies to 
maintain the health and sustainability of these 
ecosystems while providing resources to meet human 
needs (Appendix E, Sierra Nevada Ecosystem Project 
(1994)).” Thus, SNEP had the charge of both 
assessing the health of Sierra Nevada ecosystems and, 
where problems were detected, suggesting management 
strategies to maintain health and sustainability. 

Documentation of the distribution and condition 
of old-growth forests in the Sierra Nevada and advice 
regarding the management of this resource are explicit 
responsibilities of SNEP. Congress provided this 
direction in language that was a part of two bills in the 
House of Representatives in 1992 (see Appendices A 
and C in Sierra Nevada Ecosystem Project (1994)): 
HR 5503 (passed), as mentioned above, called fora 
“scientific review of the remaining old growth in the 
national forests of the Sierra Nevada’; HR 6013 
(proposed) called for, in part, "recommendations of 
alternative management strategies to protect and 
enhance . . .__ late-successional forests and their 
dependent and associated species, including a 
determination of whether late-successional reserves 
are necessary ... and if such reserves are necessary, 
what lands should be included in such reserves." The 
charge from the SNEP steering committee to the 
SNEP Science Team linked the two bills: “The Forest 
Service’s recommended approach is to develop a study 
based on achieving the general requirements of 
HR5503 and attempt to meet the intent of the 
ecosystem study established in HR6013 (Appendix E 
of the Sierra Nevada Ecosystem Project (1994)).” 

Toward that end, Franklin and Fites-Kaufmann 
(1996) assessed the state of late successional forests in 
the Sierra. They divided the entire federal ownership 
in the Sierra Nevada into polygons reflecting forest in 
different late-successional conditions. After analyzing 
the results from this inventory, they concluded that 
forest management on federal land had resulted in a 
significant decline in the amount and complexity of 
late-successional forest in the commercial forest 
types, especially the mixed conifer and east-side pine 
types. In the commercial forest types, they found 
that a significant reduction in big trees and big snags 
had occurred since imposition of federal forest 
management. 

Next, Franklin, et al. (1996) proposed and 
evaluated the potential for a number of different 
conservation strategies for late-successional forests 
relative to their ability to: (1) provide sufficient, well- 
distributed high-quality late successional/old growth 
forest to sustain the organisms and _ functions 
associated with such ecosystems for the next century 
and (2) provide conditions which facilitate 
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connectivity for organisms moving between old- 
growth forest areas. 

These conservation strategies all involve 
increasing the general extent and complexity of late- 
successional forests in the Sierra Nevada. Some 
involve identifying relatively large Areas of Late 
Successional Emphasis (ALSEs) where late 
successional forests will be emphasized and also 
increasing the late-successional attributes of the 
intervening forest (called the "matrix"). Variations on 
this strategy call for more or less prescribed fire and 
mechanical treatment (timber harvest) in the ALSEs 
to accelerate development of these characteristics. 
Other strategies call for a more distributed late 
successional system. Finally, one strategy uses the 
concept of a "regulated forest" to achieve levels of 
late successional forests over the landscape without 
concern over concentration of the late successional 
areas in contiguous blocks. 

From the beginning of the SNEP assessment of 
late-successional forests, it was clear that the threat of 
severe fire from the build-up in fuels and decrease in 
fire frequency in some types would be a major 
consideration in any strategy to rebuild the late- 
successional forests of the Sierra Nevada (Franklin and 
Fites-Kaufmann 1996, McKelvey, et al. 1996, Skinner 
and Chang 1996, Weatherspoon 1996, and 
Weatherspoon and Skinner 1996). While opinions 
may vary somewhat as to the degree of the current 
nature and extent of the threat of severe fire, it is 
clear that we need to understand the survivability of 
late-successional forests, and the forest in general, 
under different forest management strategies including 
strategies explicitly aimed at reducing fuels and 
limiting the damages to resources that do occur 
(Weatherspoon and Skinner 1996). 

Therefore, we have undertaken the construction 
of a methodology to help assess the likelihood that 
various policies will achieve late-successional goals and 
what resources will be required to meet them, while 
explicitly acknowledging the potential for fire to 
influence attainment of these goals. We wish to be 
able to set late-successional goals for different parts 
of the landscape and test the length of time it will 
take to achieve them, the role for human intervention 
(control of wildfire, prescribed fire, timber harvest) to 
accelerate the achievement of late-successional goals, 
and the likelihood that severe fire will prevent their 
attainment. This paper discusses the models we have 
built to evaluate these concepts and strategies. 


General Approach: Consideration of 
Integrated Conservation Strategies for 
Forests, Streams, and Watersheds 


SNEP is assessing the state of Sierra Nevada 
ecosystems from a variety of perspectives. Numerous 
issues relative to the health and sustainability of these 
ecosystems have been identified beyond the issues 
mentioned above relative to late successional forests 
and fire. Some other issues identified in SNEP that are 
related to issues surrounding forest management 
relative to late-successional forests and fire are: 


1) declines in aquatic biodiversity and existing and 
potential threats to riparian-associated species and 
ecosystems (Erman 1996, Kattelmann and 
Embury 1996, Knapp 1996, Kondolf, et al. 1996, 
Jennings 1996, Moyle 1996a, Moyle, et al. 1996a, 
Moyle, et al. 1996b, Yoshiyama, et al. 1996). 

2) existing and potential difficulties from watershed 
disturbance (Berg, et al. 1996, Kattelmann 1996, 
Menning, et al. 1996). 

3) declines in terrestrial biodiversity and existing and 
potential threats to terrestrial wildlife species and 
ecosystems (Graber 1996, Shevock 1996, Davis 
and Stoms 1996). 

4) production of timber as an objective on federal 
lands including the sizes and species that might be 
harvested and the associated costs and revenues 
(Ruth 1996). 

5) the potential effect of budget constraints on fuel 
treatments and other activities on federal lands 
(Ruth 1996). 

6) management of existing roadless areas (Ruth 
1996). 

7) the intermingling of federal, state, and private 
lands (McKelvey et al. 1996, Menning et al. 
1996) 


We wish to consider strategies for addressing these 
issues simultaneously with strategies for late 
successional forests because the strategies to deal with 
the different identified issues potentially influence 
each other. Mechanical treatment to improve LS/OG 
rank, decrease fuel loadings, and/or produce timber can 
impact riparian areas and watersheds. Aquatic goals 
for riparian zones can affect the amount of LS/OG 
forest and the freedom to treat the zones to reduce 
fire hazard. LS/OG goals for ALSEs and the matrix 
can influence fire hazard there and the distribution of 
acres among seral stages and among different wildlife 
habitats. Creation of fuel breaks can possibly increase 
the survivability of the ALSEs and the forest in 
general and produce timber volume and value, but at 
the cost of reducing LS/OG rank and potentially 
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negatively affecting the functioning of ecological 
systems within the fuel breaks. Wildlife goals can 
influence the amount and distribution of LS/OG. 
Budget constraints can influence the ability to 
undertake activities of any sort including the design of 
commercial entry. 

Thus, we have built a policy analysis model that 
emphasizes the analysis of strategies for  late- 
successional forests in fire-dominated landscapes, but 
that can also measure and limit effects on riparian 
areas and watersheds. The model can also accept goals 
for, or limits on, timber harvest and develop reports 
that can provide a basis for assessing the adequacy of 
wildlife habitat and seral stage representation. Also, it 
reports likely costs and revenues associated with 
different strategies. 

The policy analysis model described here was 
applied in analysis of these issues on two national 
forests in the Sierra Nevada--Plumas and Eldorado. 
These national forests are located in the northern 
Sierra (Plumas) and central Sierra (Eldorado). 


Problems Not Addressed 


SNEP scientists identified many problems and issues 
with maintaining the health and sustainability of Sierra 
Nevada ecosystems beyond those addressed here. 
Some of these other problems are: 


1) air pollution from outside the region or from 
urban areas inside the region (Cahill, et al. 1996). 
Suggestions for addressing air quality problems are 
discussed in Cahill, et al. 

2) adverse effects on native aquatic organisms from 
changed water-flow regimes, introduction of 
exotics, and dumping of pollutants (Jennings 1996 
and Moyle, et al.1996b). Suggestions for 
addressing these problems are discussed in Moyle 
(1996b). 

3) fire and settlement issues on private land in the 
region (McKelvey, et al. 1996, MHusari and 
McKelvey 1996, Weatherspoon and Skinner 
1996, Duane 1996, McBride, et al. 1996). 
Suggestions for addressing these issues are covered 
in Weatherspoon and Skinner (1996) and Duane 
(1996). 

4) potential vulnerability of some native plant 
communities, especially non-forest communities 
and native plant communities not represented on 
federal land, due to lack of areas dedicated to their 
maintenance (Davis and Stoms 1996). 
Procedures for selecting biodiversity management 
areas to address this problem can be found in 
Davis, et al. (1996). 


5) condition of rangelands (Menke, et al. 1996). 
Options for improving rangelands conditions can 
be found in Menke, et al. 

6) the leakage of value out of the region with little 
reinvestment (Stewart 1996). Options for 
addressing this issue can be found in Sierra Nevada 
Ecosystem Project, volume one (1996). 

7) institutional capacity to implement the 
suggestions made in the options for solving the 
problems identified (Sierra Nevada Ecosystem 
Project, volume one, 1996). 


As we develop models for incorporating these 
additional resource questions, we can further enhance 
our policy planning modeling. 


FOREST-LEVEL OPTIMIZATION-- 
PREVIOUS EFFORTS 


Since the early days of the national forests, forest 
plans 

have guided the level of timber harvest and the 
scheduling of timber harvest activities. Relatively 
simple formulas were used to set the harvest levels 
based on controlling the volume harvested, the area 
cut, or both volume and area (Davis and Johnson 
1987). 

In both public and private forest planning, 
optimization models have become dominant in the 
development of forest plans (Davis and Johnson 
1987). These models attempt to maximize or 
minimize some quantity subject to reaching specified 
policy goals, which are represented as constraints, 
given the choices for management that are allowed for 
each part of the forest. Typical objectives have been 
to maximize timber harvest, minimize cost, or 
maximize present net value. Typical policy goals 
have been to maintain a nondeclining yield of timber 
harvest over time, limit the rate of harvest in 
different portions of the forest, and attain some 
distribution of acres among age-classes or seral stages. 


As the policy goals to be achieved have become 
more complex, the optimization models have often 
been reformulated as "goal programs.” Then the 
policy goals that were previously represented as 
absolute constraints are transformed to allow for 
under- or over-achievement with an _ associated 
penalty. The overall objective is then to minimize 
the total penalty. This formulation has especially 
become popular as achieving a distribution of forest 
acres among seral stages over time has become a 
major policy goal. 
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A Classification of Forest Optimization 
Models 


Johnson and Scheurman (1977), Clutter, et al. (1983), 
Johnson and Tedder (1984) and Davis and Johnson 
(1987) described the lineage of strategic planning 
systems based on forest-level optimization models 
where timber harvest is a major activity. Two major 
variables were: 1) the model formulation (Model I or 
Model II) and 2) the solution technique (linear 
programming or binary search). 

In both model formulations, forest vegetation is 
classified according to certain variables such as species 
type, density, age, and other variables. Each unique 
combination of these classification variables forms a 
"stratum.” Overlaying the classification system on 
the forest divides the vegetation into these strata. All 
instances of each stratum over some geographic area, 
such as the entire forest or a watershed, are aggregated 
into inventory categories in the analysis and are often 
called "analysis areas." 

Johnson and Scheurman (1977) coined the terms 
“Model I’ and “Model II’ to label fundamentally 
different ways to define decision variables for the 
analysis areas for scheduling timber harvest and 
investment, the distinction being the way in which the 
regenerated (future) stands are handled. In Model I, 
regenerated stands are coupled directly to, and 
identified by, the existing stands to which they are 
associated. In Model II, regenerated stands are 
detached from the existing stands and new decision 
variables are defined for them. 

Thus, Model I defines decision variables that 
follow the life history of an acre over all planning 
periods while Model II defines decision variables that 
follow the history of an acre over the life of a stand 
growing on the acre, from its birth (or start of the 
planning periods) through its death (or end of the 
planning periods). In Model I, a decision variable 
traces the activities on an acre over the entire 
planning horizon; in Model II, an acre may pass 
through several decision variables before reaching the 
planning horizon as stands are born, live, and die. 

We describe below’ general mathematical 
formulations of Model I and Model II. We add one 
policy goal to the discussion--the need for an even- 
flow of timber harvest--to illustrate how policy goals 
are considered. In mathematical form, the basic 
structure of Model I is: 
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where: 


Xsp = acres assigned to prescription p of analysis area 
s, where analysis area s is a stratum on the forest 


B,. = contribution to objective function (per acre) in 
period t from prescription p of analysis area s. 


Vsp: = volume harvested in period t from prescription 


p of analysis areas s 

S = number of analysis areas 

ps = number of prescriptions for analysis area s 
Area s = size of analysis area s, in acres 

T = number of periods 


For an equivalent problem, the basic structure of 
Model II is: 


subject to: 


Input constraints 
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Policy constraints 
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where: 


Xs) = acres assigned to prescription p of analysis area 
s, where analysis area s is a stratum on the forest 


By. = contribution to objective function (per acre) in 
period t from prescription p of analysis area s 

Vopr. = Volume harvested in period t from prescription 
p of analysis areas s. 


S = number of analysis areas 
ps; = number of prescriptions for analysis area s 


Yirp = acres assigned to prescription p of regeneration 
class r initially recognized in period j. 

Cpt = contribution to the objective function (per acre) 
in period t from prescription p of regeneration class r 
initially recognized in period j 

P, = number of prescriptions for regeneration class r 


N = number of time periods 


120 
ADDENDUM 


for s=1....,S 
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jrpt Y jxp = 0 C= ay y T 
Be 2 le iy 


R = number of regeneration classes 
Gjqsp = a factor that gives the proportion of acres in 
prescription p of analysis area s that transfers in 
period q to regeneration class r initially recognized in 
period j. (Gjrqsp = 0,1) 

Hiigirp = a factor that give the proportion of acres in 
prescription p of regeneration class r’_ initially 
recognized in period j’ that transfers in period q to 
regeneration class r initially recognized in period j. 
(Hyg = 0,1) 

T = number of periods 


Any problem formulated with Model I can be 
formulated with Model IJ and visa-versa. It should be 
noted, though, that the power of Model II comes from 
its merging of acres of like characteristics from across 
the planning area as they are regeneration harvested. 
Through this process, fewer activities need be created 
to represent the problem, compared to Model I, but at 
the cost of losing some _ spatial definition in 
management of future stands. When the merging of 
acres as they are regeneration harvested is acceptable, 
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Model II is a powerful tool; when such merging is not 
acceptable, Model I is usually preferable. 


Incorporating Fire Effects into Forest 
Optimization 


The models presented so far do not explicitly consider 
risk of loss from fire. Any effect of fire was handled 
through adjusted yield functions; the notion that fire 
could cause "premature" death of a stand was not 
recognized. Reed and Enrico (1986, 1989) broke 
from this tradition by creating a linear programming 
model of timber management in which the expected 
burned area was subtracted from each age class in each 
time period, and added along with the cutover area to 
the youngest age class in the following period. While 
describing their model as stochastic, they actually 
solved its equivalent "mean value problem”, i.e., the 
random proportion burned was replaced with its 
expected value (Boychuk and Martell 1996). 

Johnson, et al. (1986) built an extension of 
FORPLAN--the forest planning model used by the 
Forest Service--that would represent fire and other 
stochastic losses and changes deterministically in a 
manner similar to that proposed by Reed and Enrico. 
Johnson and Stuart (1986) showed the transfer of 
acres among stand ages and classes for reasons other 
than harvest could actually be represented as a 
generalized version of Model II, although this 
formulation is sometimes called Model III (Boychuk 
and Martell 1996). In terms of the Model II 
formulation above, this more general version of 
Model II allows the transfer coefficients (Gjqsp/Hjrgirp) 


Jrqsp’ "J 
to take values other than 0,1 as long as they sum to 1. 


This mean value formulation of Model II is now in 
wide use, especially by the Forest Service in California 
as it has been made available in FORPLAN. The 
recent analysis of timber harvest levels on the 
national forests of the Sierra Nevada compatible with 
protection of the California Spotted owl used the 
version of FORPLAN that allows specification of fire 
mortality in terms of their equivalent mean values 
(USDA Forest Service, 1995). In their analysis, 
Forest Service planners estimated the expected rate of 
fire mortality by stand type and condition and 
embedded these mortality rates in their FORPLAN 
model. This mortality could be either complete or 
partial with the resulting transfer of the burned acres 
to another strata reflecting the fire effects. 

While the mean value formulation is a major 
improvement toward incorporating fire _ risk, 
compared with the traditional approaches to timber 
harvest scheduling, some problems with this approach 
have been noted. Pickens and Dress (1988) and Hof 


et al. (1988) in their studies of the effect of stochastic 
technological coefficients on forest-level timber 
management models, found that attempting 
implementation of solutions from mean _ value 
problems in a stochastic system leads to infeasibility 
with high probability. 

Gassmann (1989) formulated a version of the 
problem defined by Reed and Enrico as a multistage 
stochastic programming problem in which the 
proportion burned each period was _ stochastic. 
Boychuk and Martell (1996) compared the results of a 
stochastic programming problem (SPP) and _ the 
corresponding mean value problem when fire risk in 
considered in forest planning analysis. Since they felt 
that replanning is inevitable, they compared only the 
first period solutions. Boychuk and Martell found that 
the mean value solution generally gave a good 
approximation to the stochastic programming 
problem, but consistently over-harvested in cases 
where decision-makers wished to avoid declines in 
harvest and where there is little area in the older age 
classes. They felt that using a_ stochastic 
programming approach would be justified in areas 
lacking sufficient over mature areas and having high 
and highly variable fire losses, and where harvest 
quantity declines in the future are particularly 
unwanted. 

In addition, the mean value formulation does not 
enable the measurement of the variability of the 
solution. In some cases, decision-makers may be as 
interested in this variability as in the mean value. 
With the mean value formulation, the problem can be 
resolved with different mortality rates to illustrate the 
implications of different assumed rates, but that shows 
the implication of different mean values rather than 
the variability associated with any particular mortality 
rate. 

To assess the variability in forest plan outcomes, 
Boychuk and Martell (1996) formulated a stochastic 
programming version of the forest planning problem 
with risk of fire. As with the mean value 
formulations, they developed a model with linear 
objectives and linear constraints. They represented 
stochastic fire loss by a discrete two-point probability 
distribution that yielded the desired mean and 
coefficient of variation. 

The use of stochastic programming to study forest 
planning under risk of fire enriches our understanding 
of the variability in outcomes and also of strategies 
which may avoid timber harvest level declines in the 
future. Even problems with few analysis areas, 
though, can result in very large linear programming 
formulations as shown in the work of Boychuk and 
Martell (1996). Thus, the technique is not currently 
practical for forest planning problems, like those in 
our study, where large numbers of analysis areas and a 
wide variety of outcomes from fire are the rule. 
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Summary and Discussion of Optimization 
Methods 


Recent activity in forest optimization including fire 
risk effects has emphasized mean value and stochastic 
programming formulations, which can be viewed as 
variations in Model II, as discussed above. While 
these approaches have increased our understanding of 
how consideration of fire affects management plans, 
we did not choose these approaches for a number of 
reasons. 

Despite its use in forest planning on SNEP forests 
(USDA Forest Service 1995), the mean _ value 
approach was not chosen for our modeling for four 
reasons: 


1) The mean-value approach discussed above adjusts 
stratum condition for fire mortality. In reality, 
fires in the Sierra Nevada do not occur by strata; 
rather, they occur in a particular place and affect, 
to one degree or another, all strata they 
encounter. That is, fire is spatially explicit, while 
stratum designations are simply classes of like 
vegetation. Especially in the Sierra Nevada, with 
its fine scale mosaic, strata are intermingled to a 
significant degree. We felt that we needed to 
recognize the spatial aspect of fire and portray it 
as it occurs--a particular size in a particular place-- 
which is not possible with the mean-value 
approach. 

2) The mean-value approach works best when fires 
cause only a few different outcomes. When many 
different outcomes are possible, model size can 
explode. In our analysis, we uniquely tailored the 
effect of fire on stand condition in each stratum in 
each time period under each prescription, with 
most fires usually differentially killing different 
size classes but not entirely destroying the stand. 
We felt we would lose much of this fine detail by 
collapsing fire results into a form amenable to a 
mean value approach. 

3) The mean-value approach does not explicitly 
consider the variability in fire occurrence in terms 
of time, place, and size. Fires in the Sierra Nevada 
have shown considerable variability in the amount 
of fire per decade although they have been 
consistently related to periods of drought. As an 
example, during the 60-year reference period the 
amount of fire per decade on the Eldorado 
National Forest varied from 3,500 to 32,000 
acres; on the Plumas NF, it varied from 15,000 
acres to 115,000 acres. Fires have shown some 
reliability in where they occur, such as the 
repeated burning along Highway 50 on_ the 
Eldorado NF, but the location of most fires from 


decade to decade is hard to pin down to particular 
LS/OG polygons. Finally, the frequency 
distribution of fire sizes varies from year to year 
and is best represented by a _ probability 
distribution. 

4) We wanted to retain flexibility. Our modeling 
efforts began before the SNEP assessment had 
been completed. Anticipating that we might need 
to incorporate as yet unspecified nonlinear 
relationships into the simulations to reach wildlife 
or watershed goals, we chose a_ simulation 
approach that would maintain our options. 


The stochastic programming approach (Boychuk 
and Martell 1996) has proven interesting and valuable 
for research insights. However, this approach is not 
practicable for applications with a large number of 
different starting conditions as in our analysis. The 
problem size simply becomes unmanageable. 

Given the difficulties we see with using mean value 
and stochastic programming in our analysis, we have 
taken a different approach. As discussed below, we 
have taken a four-stage approach using a Model I 
formulation. First, we solve the strategic forest 
planning problem without fire given the goals of the 
alternative. Then we allocate fire onto the landscape 
using a number of stochastic variables including 
weather, fire size, and ignition probability. We 
simulate the fires and their effects for a number of 
periods as the fires sweep across LS/OG polygons, 
running through the strata found in the polygons, and 
leaving a differential mark on the landscape depending 
on vegetative condition (fuels, crown composition, 
and structure) in the different strata in each polygon 
burned. Finally, we rework the strategic plan, 
salvaging where permitted, and adjust the prescriptions 
previously chosen inside the LS/OG polygons that 
burn to allow for the fire that occurred and to make 
any needed change in post-fire activities to better 
achieve the goals of the prescription, much as a 
manager would react to an unforeseen activity. For 
fires that create conditions which exceed watershed 
disturbance limits, future activities which would create 
additional disturbance are postponed until watershed 
conditions improve. A number of simulations of fires, 
with the associated reactions, are done to help 
understand the mean and range of potential fires and 
their effects. 

We do not, however, completely reoptimize the 
strategic plan that we develop for each alternative 
given the likely fire effects. Rather, we use these 
effects to help understand the likely influence of fire 
on the strategic plan. 

Thus we do not claim that use of the SAFE 
FORESTS model will formulate strategic plans that are 
“best,” given our goals and the likely fire effects, as 
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might be claimed for mean value or_ stochastic 
programming. We can, though, have a much fuller 
understanding of the spatial effects of fire on large 
landscapes while recognizing the differential effect 
that fire can have on each area that burns. 


Solution Techniques for Harvest Scheduling 
Problems 


The formulations shown above for Model I and Model 
II have a linear objective function and_ linear 
constraints. As such, linear programming can be used 
to find the mathematically optimal solution, i.e., the 
solution that gives the maximum (or minimum) value 
for the objective function given the constraints (See 
Dykstra 1985 or Davis and Johnson 1987 for more 
discussion). Many harvest scheduling models, like 
FORPLAN, rely on linear programming as_ their 
solution technique. 

Attempting to solve large problems with linear 
programming has led to a number of difficulties. First, 
linear programming software to solve these problems 
has often been costly or unavailable. Second, the size 
of the problem can easily exceed the capabilities of 
commercial software in terms of columns (choices for 
management of the analysis areas) or rows (number of 
acreage constraints and policy constraints). 

A number of heuristics have been developed to 
solve these problems, with the most common 
approach called "binary search.” Binary search uses a 
forest inventory data set and appropriate growth 
models to find the maximum even flow of volume or 
value that can be sustained over a finite planning 
interval subject to harvest flow and ending inventory 
constraints. The name “binary search” emerges 
because (1) there is only one decision variable per 
period (the level of harvest) and (2) there are only 
two choices in the problem, either increase the 
harvest or decrease it. All other needed decisions, 
such as what prescriptions to apply in each stand type 
and the priorities for selecting stands for intermediate 
harvest by thinning and for regeneration harvest, are 
decided external to the heuristic (Davis and Johnson, 
1987). 

Generally, binary search models are of a Model II 
form. Many have keyed on finding an equal volume 
through time, while others have keyed on equating net 
revenue through time. Binary search can sometimes 
obtain results similar to linear programming; other 
times, it can fall short of the linear programming 
results when the prescription for each stand and the 
priorities for thinning and final harvest are important 
to the solution and difficult to estimate. As policy 
constraints of different kinds are added to the 
formulation, estimation of the "best" prescriptions 


and priorities for harvest can become increasingly 
difficult; thus, binary search models are most useful 
when there are relatively simple policy constraint sets 
(Davis and Johnson 1987). 

Recently, heuristics have been suggested that 
overcome some of the deficiencies associated with 
binary search. Hoganson and Rose (1984, 1987) 
developed a technique that allows consideration of 
alternative management intensities and finds the 
optimal stand priority for harvest, overcoming two 
major drawbacks of binary search. Given an objective 
of maximizing present net worth and a specified 
volume to harvest each period, Hoganson and Rose 
vary the price of stumpage in each period until they 
find a set of prices for the timber harvest such that 
the best time to harvest each stand to maximize its 
present net worth on an individual basis is also the best 
time to harvest the stands in aggregate to meet the 
overall harvest constraints. With relatively simple 
harvest flow requirements as the major policy 
constraints, this algorithm can give _ results 
approaching those of linear programming while being 
able to handle much larger problems. 

Several general heuristic approaches have been 
applied to harvest scheduling problems when explicit 
spatial recognition is necessary which requires a large 
number of integer decision variables to model the 
objective function and constraints. In these cases the 
values of some decision variables cannot take on 
continuous non-negative values, but are restricted to 
zero or one. Such applications arise when harvesting 
on adjacent polygons is not permitted, when 
maintaining connections of polygons across the 
landscape is required, or when construction or 
obliteration of specific road segments must _ be 
recognized. Although algorithms (branch and bound, 
cutting plane) have been developed which sequentially 
solve a set of linear programming models to an exact 
solution, they are usually too slow for practical 
solutions to large harvest scheduling problems. 

Three general heuristic approaches which have 
been used to solve large harvest scheduling problems 
involving integer variables are: 1) Monte Carlo 
methods, 2) TABU search, and 3) Lagrangian 
relaxation. Monte Carlo methods involve a 
neighborhood search using a criterion to accept non- 
improving solutions subject to a probability function 
as a way to avoid being trapped in local optima. 
Simulated annealing, a variant of the Monte Carlo 
method, accepts non-improving solutions with 
decreasing probability using the analogy of a cooling 
metal. Applications of Monte Carlo methods to 
harvest scheduling problems can be found in Nelson 
and Brodie (1990), Clements and Dallain (1990), 
Lockwood and Moore (1992), and Nelson and Liu 
(1995). 
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TABU search is a gradient algorithm which uses a 
collection of principles of intelligent problem solving 
to avoid being trapped in local optima. A fundamental 
element underlying TABU search is the use of a 
flexible memory where recency, frequency, quality, 
and influence of variables entering or leaving the 
solution is recorded and controlled. Applications of 
TABU search in harvest scheduling can be found in 
Murray and Church (1995), Bettinger (1996) and 
Boston (1996). 

Lagrangian relaxation has been used to solve the 
integer programming problem — using _ linear 
programming to solve a “relaxed” linear problem with 
few or no 0/1 variables to establish upper bounds on 
the exact solution. Applications in forestry include 
Guignard et al. (1993) and Torres-Rojo et al. (1996). 


THE SAFE FORESTS MODEL 


This paper describes the policy analysis model that we 
have constructed. We cover our classification of 
land, types of goals, measurement criteria, types of 
activities, mathematical formulation, and solution 
methodology. We call the model Simulation and 
Analysis of Fire Effects in the FORESTS of the Sierra 
Nevada (SAFE FORESTS). 

The SAFE FORESTS model described here has 
been used in analysis of these issues on two national 
forests in the Sierra Nevada (Plumas NF and Eldorado 
NF) (Johnson, et al. 1996). We will use the Eldorado 
NF to illustrate the model, its data requirements, and 
its outputs. 


Classification of Landof Land 


Spatial UnitsSpatial Units 


For the purposes of this model, spatial units include 
polygons and lines (vectors). Spatial units have 
geographic coordinates and associated attributes 
recognized in the modeling. 


LS/OG Polygons/OG Polygons 


Franklin and Fites-Kaufmann (1996) assessed late 
successional, including old growth (LS/OG), forest 
conditions for the Sierra Nevada using stand structural 
criteria as measures of the level of LS/OG forest 
function. Larger landscape units (polygons) which 
were relatively uniform in type and distribution of 
vegetation patches were mapped using imagery, maps, 
ground-based information, and _ the expert 
interpretations of resource specialists. This analysis 


resulted in 180 LS/OG polygons on the Eldorado NF 
and 216 on the Plumas NF. 

Characteristics of the major patch types in each 
polygon were identified and tabulated and a composite 
late successional structural ranking was calculated for 
each polygon on a scale that extended from 0 (no 
contribution to LS/OG forest function) to 5 (very high 
level of contribution to LS/OG forest function). All 
six ranks are represented on the Eldorado NF (Figure 
1). These polygons fell into four major forest types 
(Figure 2). 


ALSEs 


A subset of these LS/OG polygons have been identified 
as Areas of Late Successional Emphasis (ALSEs) 
(Figure 3). These LS/OG polygons generally have 
above-average levels of late-successional 
characteristics and are the focus areas for maintenance 
of high levels of late-successional characteristics in 
many of the analyses listed below. They were 
identified by Franklin and Fites-Kaufmann (1996). 


Fuel BreaksBreaks (Defensible Fuel Profile Zones) 


Eldorado and Plumas National Forest LS/OG polygons 
are overlain with a GIS coverage of potential fuel 
break polygons (defensible fuel profile zones). These 
zones would be 1/4 mile wide based on simulations by 
van Wagtendonk (1996) and were developed in 
cooperation with Forest Service personnel (Bahro 
1996, Weatherspoon and Skinner 1996). They permit 
simulation of fire containment strategies. In 
alternatives that use fuel breaks, these strips of land 
have been modified to reduce flame length, fire 
intensity, spotting, and crown fire. The stand structure 
would provide a safe defensible area for fire 
suppression activities. They require periodic 
maintenance to remain effective. Fuel breaks are 
placed mainly on dominant ridge lines or strong 
intermediate ridges on the Eldorado NF (Figure 4) and 
on ridges or adjacent to major roads and/or large 
streams on the Plumas NF. In both cases, they have 
suitable access to facilitate safe fire suppression. They 
also provide anchor points for large scale prescribed 
burning programs. 


Subdivision of LS/OG Polygons for Fire Simulation 


The delineation of potential fuel breaks resulted in a 
subdivision of LS/OG polygons when a fuel break ran 
though it. In our fire simulations, an entire LS/OG 
polygon is burned when a fire enters it, with the 
effects of the fire varying within the polygon 
depending on the condition of the different vegetative 
strata within it. This resulted in increasing the number 
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of LS/OG polygons (for simulation purposes) from 
201 to 621 on the Eldorado NF (Figure 5). To 
increase the realism of the fire simulation, polygons 
larger than 1000 acres after recognition of potential 
fuel breaks were subdivided. This subdivision was first 
based on watershed boundaries from the Cal-Water GIS 
coverage. Any remaining 1000 acre or larger polygons 
are subdivided based on GAP vegetation polygon 
boundaries (Davis and Stoms 1996). These additional 
subdivisions result in 2315 LS/OG polygons for the 
Plumas NF. The combination of LS/OG polygons and 
fuel break polygons on the Eldorado NF yields 
appropriate size polygons for fire simulation. No 
further division of the 621 Eldorado LS/OG polygons 
along watershed or GAP boundaries was necessary. 

Each LS/OG simulation polygon is linked to an 
attribute table containing descriptive information such 
as LS/OG rank, size, dominant forest type, designation 
as an Area of Late Successional Emphasis (ALSE), 
selection as a fuel break polygon, and_ other 
characteristics. 


Non-spatial Information 


In addition to the spatial information, we recognize a 
set of non-spatial strata within each LS/OG polygon. 
The geographic locations of non-spatial data are not 
recognized in the model. For example, we know that 
60% of the area of LS/OG polygon 99 is north facing. 
However, we do not track precisely where within the 
polygon this north facing land is located. Non-spatial 
information used in this model include ownership, 
land-use zones, USDA Forest Service vegetation 
classification, slope, aspect, and roadless areas. 


Land-use Zones-use Zones 


We further subdivided each simulation polygon into up 
to four land use zones, three of which relate to 
potential influence on aquatic environments. First, we 
have a category called "reserved areas" which is 
composed of Wilderness areas and areas considered 
too unstable for road building or logging in 
nonwilderness areas. Next we recognize three aquatic 
influence zones that exhaustively divide the landscape 
outside of reserved areas. They are based on the 
aquatic and riparian system developed by D. C. Erman, 
N. Erman, L. Costick and S. Beckwitt and reported in 
Kondolf et al. (1996) and Kattelmann and Embury 
(1996). 

Erman and his colleagues suggest that we recognize 
anumber of overlapping zones that are defined in 
relation to their influence on the adjacent aquatic 
ecosystem. The Community Influence Zone is the 
area usually recognized as clearly riparian, with its 


distinctive flora and fauna and with many organisms 
that use both terrestrial and aquatic habitats on a 
regular basis. The Energy Influence Zone includes all 
the riparian area that is likely to contribute energy 
and structure to the aquatic ecosystem. It usually 
encompasses the Community Influence Zone and all 
land as far from the stream as the tallest tree that can 
be grown on the site. The Land Use Influence Zone is 
the region along a stream in which human activity is 
likely to influence the aquatic ecosystem by increasing 
nutrient and sediment inputs and other factors. It 
includes both other zones and may encompass much 
of the watershed, especially in smaller drainages. 

The SNEP GIS team mapped three zones to 
capture the concepts: (1) a zone of approximately 
150 feet (height of one site-potential tree) on each 
side of all streams to represent the Community 
Influence Zone and the Energy Influence Zone called 
the Community/Energy Zone, (2) a zone of variable 
width that begins approximately 150 feet from the 
stream, just outside the Community/Energy Zone 
called the Land Use Influence Zone. This zone is 
calculated on the basis of modeled stream width and 
adjacent slope steepness using methodology from 
Kondolf et al. (1996), and 3) the remainder of the 
watershed called the Uplands. 

On both the Eldorado NF (Figure 6) and Plumas 
NF, the three zones divide the landscape 
approximately as follows: 1) Community/Energy 
Zone (13%), 2) Land Use Influence Zone (34%) and 
3) Uplands (53%). Initial tests suggest that the stream 
layer used by SNEP underestimates the miles of stream 
that will be found on federal forests. We would expect 
that field work would result in less acreage in the 
uplands and more in the other two zones. 


Strata 


For each land-use zone within each LS/OG polygon, 
five strata are recognized: vegetative condition (50-60 
choices), owners (2), slopes (2), aspects (2), and 
roaded or unroaded (2). One additional stratum occurs 
on the Plumas NF: whether the area falls into a fuel 
treatment zone. 

Using GIS, areas that reflect unique intersections 
of these four land use and five stratum variables (six 
on the Plumas NF) are identified (nine total variables, 
10 on the Plumas NF). The model does not spatially 
track these variables within the simulation polygons 
beyond their location in a land use zone in a 
simulation polygon. Rather, all occurrences of each 
unique intersection are grouped into a stratum. 


Forest Condition In defining forest condition, we used 
the USDA Forest Service Region 5 forest classification 
of species type, size class, and percent of crown 
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closure (USDA Forest Service 1994) to develop our 
vegetation classes. An aerial inventory of the 
Eldorado NF using this forest classification found 
approximately 40,000 polygons on federal land. 
Thus the average size of these stands is approximately 
12 acres reflecting the fine scale mosaic of the Sierra 
Nevada (Figure 7). 

We used Forest Inventory Analysis (FIA) plot 
information for each vegetation class to estimate 
existing forest condition in terms of a tree list by 
species and diameter class, and other information. 
Existing forest conditions are used as the starting 
point for developing silvicultural prescriptions to 
reach forest management goals appropriate for the 
different management strategies (see Cousar, et al. 
1996). 


Determining LS/OG Rank To determine starting 
LS/OG rank, we evaluated each vegetation class within 
each polygon using criteria of number of large trees, 
canopy closure, and intermediate canopy. We used 
the “rangewide structural standard” for rank 
determination of mixed conifer and ponderosa pine 
types. We used a "normalized structural standard" for 
red fir and sub alpine types, which modified the 
rangewide structural standard to account for the 
attributes of higher elevation forests (See Cousar et 
al. 1996 for more information). 

In our modeling, we estimated LS/OG polygon 
rank as the acre-weighted average rank across all land 
types and conditions within the LS/OG polygon: 


Polygon = ((Z Acres * rank)/Total acres in a 


polygon) 
rank all land 


classes 


We can then compare the LS/OG polygon rank 
determined by the modeling exercise (Figure 8) to the 
one created through expert opinion ( the “mappers’’) 
(Figure 1). We made the comparison on the montane 
mixed conifer type of the Eldorado NF which 
contains the preponderance of the forest on the 
Eldorado and was the focus of the LS/OG mapping 
there. Both approaches to rank determination used 
the “rangewide structural standard.” 

One type of comparison looks at each LS/OG 
polygon and takes the difference in estimated rank by 
the two methods. We report this difference below by 
intervals of .5 for the Eldorado NF. We found on the 
Eldorado NF that the mapper’s estimate exceeded the 
modeler’s estimate by 0.5 to 1.0 rank in 16% of the 
LS/OG polygons. With perfect correlation, we would 
expect to find 0.0 difference for all polygons (100% 
of the polygon differences appearing in the 0.0 to 0.5 
interval or the -0.5 to 0.0 interval). With no 


correlation, we would expect 10% of the polygons 
appearing in each interval from -5.0 to -4.5 to 4.5 to 
5.0. On the Eldorado, we found a curve that might be 
described as “bell-shaped” centered on the low 
differences but with tails that go out as far as a 
difference of 3.0 to 3.5: 


Difference (mapper - modeled) Percentage of polygons 
-5.0 to -4.5 0 
-4.5 to -4.0 
-4.0 to -3.5 0 
-3.5 to -3.0 1 
-3.0 to -2.5 2 
-2.5 to- 2.0 4 
-2.0 to -1.5 7 
-1.5 to -1.0 9 
-1.0 to -0.5 13 
-0.5 to 0.0 17 
0.0 to 0.5 10 
0.5 to 1.0 16 
1.0 to 1.5 9 
1.5 to 2.0 6 
2.0 to 2.5 3 
2.5 to 3.0 2 
3.0 to 3.5 0 
3.5 to 4.0 0 
4.0 to 4.5 0 
4.5 to 5.0 0 


In another approach, we can compare the rank 
estimates by summing the acres assigned to each rank 
in each exercise. Looking again at the montane 
mixed conifer type on the Eldorado National Forest, 
we see the modeled ranks more tightly distributed 
around the middle than the ranks determined by 
mappers and lacking ranks 4 and 5: 

Rank 


0 1 2 3 4 5 


140 73 45 


Mappers 14 40 2 
171 105 0 0 


Modeled 7 33 


Both approaches to classifying the forests of the 
Sierra Nevada relative to their LS/OG rank have their 
limitations. Neither can be seen as the “absolute 
truth” to be used as a standard of comparison. 
Obviously, more analysis is needed to understand the 
reasons for the similarities and differences of the 
approaches. 


Owner groups Owners are grouped into federal and 
non-federal owners (see any of Figures 1-6). Although 
forest types are recognized on both federal and 
non-federal lands, forest management choices are 
modeled only on federal lands. Non-federal lands, 
mostly private land, are carried through the analysis 
for the purpose of reflecting an assumed contribution 
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to watershed disturbance (see Menning, et al. 1996 for 
more discussion about these assumptions). 


Slope Slopes are divided into two classes: 1) less than 
40% 2) greater than or equal to 40 percent. Figure 9 
shows an exaggerated shade relief map derived from 
the Eldorado National Forest Digital Elevation Model 
(DEM). The DEM was analyzed to determine slope 
and aspect. Slope classifications are recognized to 
reflect different fire behavior and to reflect different 
contributions of timber management and roading 
activities to watershed disturbance. The slope 
classification is also used to reflect different logging 
methods. 


Aspect Lands are assigned an aspect of northeast or 
southwest depending upon azimuth. Northeast facing 
slopes have an azimuth of 315 to 134 degrees and 
southwest facing slopes have an azimuth of 135 to 
314 degrees. Aspect is recognized to reflect different 
burning conditions due to fuel moisture and 
temperature. Aspect is also used to reflect different 
goals for late-successional forests. 


Roadless Condition Lands are additionally classified 
depending on whether they are part of a currently 
unroaded area of 500 or more acres (Figure 10). This 
classification permits specification of limits on roads 
and timber harvest within roadless regions. 


Fuel Treatments The Plumas NF has identified areas 
for fuel treatment with the assistance of the Quincy 
Library Group. They are continuous areas, often near 
defensible fuel profile zones (fuel breaks), strategically 
placed across the landscape. They differ from the fuel 
breaks in that the harvests are less intense. 


Strata Characteristics 


The miles of existing road and constructed roads 
within each stratum are also tracked. This enables the 
estimation of the amount of road that might be 
needed to accommodate different activities and to 
estimate watershed disturbance. 

In addition, average distance to edge of the 
roadless area is recorded for roadless strata. This helps 
estimate logging cost under options that allows timber 
harvest, but not roads, in roadless areas. 


Number of Strata 


Many hundreds of strata can potentially occur in each 
land-use zone within each LS/OG polygon. Generally, 
though, each land-use zone within each LS/OG includes 
only a subset of the possible strata. On the Eldorado, 


the 620 simulation polygons contain approximately 
83,000 strata considering all land-use zones, with 
more than 80 percent of the strata representing the 
federal land component. Strata, in turn, are composed 
of an average of three patches spread across a land use 
zone in the LS/OG polygon. Thus, average patch size 
for the Eldorado considering all five land use zones 
and all five strata layers is about 3 acres. 


Fires and their Effects: Ignition, Fuel, Fire 
Size 


Large fires account for most of the area burned in 
forest fires. Strauss et al. (1989) concluded in a study 
of several climatic regions of the western United 
States that the proportion of area burned by the top 
1% of the largest fires ranged from 80%-96% of the 
area burned. In our simulations we model only large 
fires. Our definition of large fires varied by forest 
from 1000 acres on the Plumas NF to 3000 acres on 
the Eldorado NF (Bahro, 1996). 

Ignition probabilities for large fires were estimated 
for each simulation polygon based on ignition history, 
ratio of large fires to ignitions, and three point 
estimates of fire size (mean fire) in nine vegetation 
strata (Sapsis, et al. 1996). Vegetative strata are based 
on three variables: 1) life form, 2) weather zone, and 
3) population density class (Figure 11). These 
ignition probabilities are used in the SAFE FORESTS 
model as relative ignition probabilities and weighted to 
calibrate the model against historical fire data. After 
the model decides to burn a wildfire (based on weather 
probabilities) the relative ignition probabilities direct 
where the fire will be. 

Custom fuel models were developed for all the 
vegetation types (Sapsis, et al. 1996) (Figure 12). 
Fuels are the energy source for fire. Fuel models are 
assigned to simulation polygons to estimate potential 
fire behavior under conditions conducive to large fire 
occurrence. These estimates of fire behavior—based 
on fuel model, topography, and weather conditions— 
drive the effects on forest resources expected to result 
from large fire occurrence. 


Goals for the Analysis 


Five goals can explicitly guide the analysis: 1) 
achieving late-successional forest conditions, 2) 
controlling watershed disturbance, 3) reducing risk of 
severe (stand-replacing) fire, 4) producing timber 
volume, and 5) ensuring a sustainable volume of 
timber products. In addition, other goals, such as 
minimizing disturbance to certain strata can be pursued 
by the types of activities that are allowed. 
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In each analysis, these goals are specified in 
hierarchical fashion such that achievement of the 
higher order goal cannot be compromised by 
attempting to achieve a lower order goal. As an 
example, assume that we are interested in the upper 
riparian zone in the matrix. In some analyses, the 
primary goal is control of watershed disturbance, the 
secondary goal is achievement of some _late- 
successional rank, and the tertiary goal is achievement 
of an even-flow timber harvest. In all cases, the 
problem is structured such that we try to achieve as 
much of the secondary goal as possible given that 
achievement of the primary goal is not compromised 
and that we try to achieve as much of the tertiary goal 
as possible given that achievement of the secondary 
goal is not compromised. Ironically, the optimization 
problem is stated such that we try to "maximize" (or 
"minimize") the achievement of the lowest order goal 
after first achieving specified values for the higher 
order goals. 


Measures of Goal Attainment 


Late-successional Goals 


Forest structure goals are measured by their 
contribution to LS/OG rank. This is measured 
primarily by number of large trees and canopy 
closure. Goals for westside mixed conifer for different 
ranks, as an example, are: 


LS/OG Large Tree Min # Canopy 
Rank DBH Trees per acre Closure 

(inches) (%) 

5 >40 10 55 

4 >30/>40 12/6 55 

3 >30/>40 6/2 40 

2 >30/>40 2/2 20 

1 >30 0.5 10 


Achievement of late-successional goals can be 
assisted by stand growth, prescribed fire, or certain 
types of timber harvest. Much of the prescription 
development that we undertook was aimed at finding 
ways to accelerate the restoration of late-successional 
structures in the different types and forest conditions 
in the Sierra Nevada. Without attention to understory 
structure and canopy density, however, achievement 
of high levels of  late-successional — structural 
complexity can be associated with high likelihoods of 
severe fire (Agee 1996, Arno et al. 1996). Therefore 
attention was paid in prescription development to 
developing late successional structures that would have 


had moderate to low levels of basal area consumed 
with wildfire. This basically involved surface fuel 
treatment (hazard reduction) in conjunction with 
selective harvest of small diameter trees. These trees, 
in addition to being highly sensitive to fire-induced 
mortality, also constitute a significant portion of 
hazard by linking fire to the canopy. (Alexander 
1988, Weatherspoon and Skinner 1996). Additional 
details of prescription development can be found in 
Cousar, et al. 1996. 


Watershed Goals 


Watershed goals are measured by the percentage of 
equivalent roaded acres (ERA) by land-use zone. For a 
discussion of the ERA method, see Menning, et al. 
(volume 2). 


Assessing Initial Watershed Conditions 


In our analysis, watershed conditions are controlled by 
LS/OG_ polygon. LS/OG polygons are of the 
appropriate scale (3000-10,000 acres) recommended 
by Chatoian (1995) for use with the ERA method. 

The initial number of equivalent roaded acres 
(ERA) has five components: 


1) ERA from existing roads 

2) ERA from previously harvested areas on federal 
lands 

3) ERA from assumed activities on private lands 

4) ERA from previous wildfires 

5) ERA from grazing activities 


ERA from existing roads ERA from existing roads on 
federal lands is stratified by steep and gentle slopes. 
Roads on gentle slopes are assumed to contribute 3.6 
acres per mile of road. Roads on steeper slopes 
(40%+) contribute 5.4 acres per mile of road. 

Roads on private lands are not explicitly 
considered, but are lumped into general activity 
factors for private activity depending upon distance 
from stream. 


ERA from previous harvesting activities All forested 


strata outside of plantations, roadless and wilderness 
areas are assumed to have a beginning ERA of 0.05 
reflecting past salvage harvest. Young plantations 
(seedlings) outside of roadless and wilderness areas on 
gentle slopes are assumed to have a beginning ERA of 
0.13 to reflect past ground-based harvesting with 
mechanical site preparation. Young plantations on 
steep slopes outside of roadless and wilderness areas 
are assumed to have a beginning ERA of 0.08 to 
reflect past cable logging and manual preparation. 
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The beginning ERA diminishes with time as described 
by Menning, et al. (1996). 


ERA from activities on private lands Activities on 


private lands are assumed to make a total contribution 
of 0.1 in near-stream areas (150 ft) each side of 
streams and 0.2 on all other lands. This ERA figure 
assumes the lands are well-roaded, with frequent 
re-entries and mechanical site preparation. 


ERA from previous wildfires Previous wildfires which 
have been artificially regenerated and classified as 
plantations are treated as discussed above. Forest types 
currently classified as non-stocked are assumed to be 
of fire origin and are assigned an ERA equal to the 
weighted first decade ERA contribution of stand 
terminating fire. Areas with seedlings in roadless and 
wilderness areas are assumed to have a beginning ERA 
of .075 from stand terminating fire in the past 10 
years. Sapling stands in roadless and wilderness areas 
are assumed to have a beginning ERA of .025 from 
stand terminating fire in the past 20 years.The 
beginning ERA diminishes with time as described by 
Menning, et al. (1996). 


ERA from grazing activities All federal lands in 


near-stream areas on gentle slopes with plantations 
are assumed to be grazed with an ERA contribution of 
0.02 acres per acres. The 0.02 reflects a weighting to 
combine heavier use within the first 75 feet of the 
stream and less use in the rest of the zone. 


Assessing Future Watershed Conditions 


The contribution of future activities to watershed 
health (ERA) has seven components: 


1) ERA from new roads 

2) ERA from newly harvested areas 

3) ERA from non-harvest mechanical fuel treatments 
4) ERA from prescribed burning 

5) ERA from wild fire 

6) ERA from managed wildfire 

7) ERA from new grazing areas 


ERA from new roads If the road density in any 
polygon substratum exceeds four miles per square mile 
it is assumed that an adequate road system exists for 
timber harvest. If the existing road density is less than 
four miles per square mile and timber harvest is 
simulated, then additional miles of road are 
constructed to reach four miles per square mile. The 
only exceptions are in near-stream riparian zones and 
in roadless areas. In these two zones, ground-based 


systems are not used. Any timber harvest in a 
near-stream zone is assumed to be by skyline. In 
roadless areas, any timber harvest is assumed to be by 
helicopter. Treatment costs and ERA effects are 
adjusted appropriately. 


ERA from wildfire ERA from wildfire is assigned by 


percent of basal area burned and slope. The ERA 
factors are derived from the Eldorado ERA handbook 
(Menning et al. 1996) 

We control activities in the different land use 
zones to stay within the limits on ERA levels there. 
We do not, however, react to the limits by changing 
the proposed activity to one that accomplishes the 
objective but at lower impact. An example of this 
substitution would be to substitute intermediate 
support skyline for tractor logging. Because of the 
significant effect that watershed controls can have on 
pursuit of late-successional or fuel reduction goals (i.e., 
the model results indicate that solutions are often 
ERA limited), such substitution should be looked into. 


Potential Damage From Severe Fire 


Potential damage from extreme weather wildfire is 
measured by percent of basal area which would be 
killed if a fire should occur. Flame lengths greater than 
6 feet in stands with greater than 70 percent canopy 
closure are assumed to kill all trees in the stand. 
Flame lengths less than 6 feet with ladder fuels in 
stands with greater than 70 percent canopy closure are 
also assumed to kill all trees in the stand (Cousar et al., 
1996). Fire occurring under other conditions may kill 
all or part of a stand. For these conditions, the basal 
area which would die was derived by Bahro (1995) 
using the USDA Forest Service First Order Fire Effects 
Model (FOFEM) as a function of flame length, scorch 
height, dbh, and species. The flame length is based 
upon extreme weather assumptions developed by 
Bahro, forest personnel, and park personnel and the 
fuel loading under a management prescription (Bahro 
1996, Sapsis et al. 1996). 

We generally assume a fire that kills more than 60 
percent of the basal area in a stand destroys the stand. 
Reducing the percent of basal area that will be killed 
in extreme wildfire can be done through prescribed fire 
and certain kinds of timber harvest. Fuel treatments 
through timber harvest, though, can _ retard 
achievement of late successional goals or cause 
excessive ERA values. Thus, the treatments are often 
limited by pursuit of other goals. To some degree, 
prescribed fire can be substituted for commercial 
harvest, but more treatments and years are needed to 
reduce the hazard. 
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Risk of severe fire in ALSE polygons is measured 
additionally by the percent of mixed conifer and 
ponderosa pine in the large size, high crown closure 
stands which undergo stand-terminating fire by ALSE 
cluster during a five-decade simulation. ALSE clusters 
are specific groups of contiguous ALSE polygons 
designed to promote redundancy (high chance of 
survivability) of high rank conditions in specific forest 
areas. As with the forest in general, prescribed fire 
and timber harvest, alone or in combination, can 
reduce the risk of severe fire here. 


Sustainable Timber Harvest 


The highest sustainable timber harvest for fifty years, 
compatible with watershed disturbance limits and late- 
successional target, can be specified as a goal. A wide 
variety of intensities and timing of harvest is available 
to help find the highest sustainable level given other 
goals. The highest sustainable level is calculated 
before wildfires occur. Stands that burn severely 
before their scheduled harvest are deducted from the 
estimated sustainable level. 

Salvage after wildfire occurs if it is consistent with 
overall goals. Thus, the timber harvest volume 
available for any period is the sum of two 
components: 1) "green" timber harvest associated 
with the estimation of a sustainable timber harvest for 
fifty years, with the resulting level for a period 
reduced for stands scheduled for harvest in the period 
that burn severely, and 2) salvage timber harvest 
associated with reaction to wildfire. Thus, the overall 
expected harvest for a period can vary somewhat 
depending on the extent of severe fires. 


Activities and their Effects 


As discussed above, two general types of human 
intervention (activities) can be used to meet stated 
goals on the national forests: (1) timber harvest, and 
(2) prescribed fire. Depending upon topography, 
mechanical fuel reduction can be combined with 
timber harvest. Also, two types of activities are 
available to meet goals on the National Parks: 1) 
management of wildfire and 2) prescribed fire. 
Undisturbed growth is also considered a_ possible 
"activity." The development of prescriptions which 
can be used to meet the goals of an analysis are 
described in Cousar, et al.(1996). 

Each activity is represented in the SAFE 
FORESTS model by its decadal contribution to forest 
structure (LS/OG rank), contribution to watershed 
disturbance (ERA), its flame length, and _ its 
contribution to timber production (board feet 


harvested). Activities are strung together for five 
periods to form what we calla "prescription.” An 
example is shown below for two prescriptions in the 
mixed conifer strata with existing vegetative 
condition M3G on a gentle slope with a southwest 
aspect which had previous salvage harvesting: (1) let 
the forest grow without intervention "NNNNN" and 
(2) active vegetative management to maintain the 
forest structure at LS/OG rank 3, reduce the potential 
for severe wildlife, and provide timber harvest volume. 
This prescription consists of entries each 20 years 
(H) coupled with mechanical fuel reduction and 
prescribed burning in intervening periods (P): 


Activity Name “NNNNN” “HPHPH” 
LS/OG Rank 
Period 1 3 3 
2 4 4 
3 4 4 
4 4 3 
5 4 4 
ERA 
Period 1 08 16 
2 .08 13 
3 .08 20 
4 .08 13 
5 08 29 
Harvest 
Period 1 0 6.2 
2 0 0 
3 0 10.7 
4 0 0 
5 0 26.3 
Flame Length 
Period 1 3.7 3.7 
2 47 47 
3 5.7 2.7 
4 6.7 3.7 
5 7.7 2.0 
Fire Hazard Index 
Period 1 99 99 
2 99 95 
3 99 15 
4 99 12 
5 99 15 


Silvicultural Methods Employed 


We have modeled all harvests, other than fire salvage, 
as individual tree selection. Each stratum is 
represented by a list of trees with different species, 
sizes, and characteristics. This list is compared to the 
desired condition, based on the goals of the 
alternative, to decide whether certain trees need to be 
removed. Even-aged regeneration harvest, such as 
shelterwood and clearcut harvest, in which the entire 


METHODOLOGY FOR SIMULATING FOREST GROWTH, FIRE EFFECTS, TIMBER HARVEST, AND WATERSHED DISTURBANCE UNDER DIFFERENT MANAGEMENT REGIMES 


overstory is removed over a relatively brief period of 
time is not considered (except for fire salvage). 
Rather, all harvests retain a significant portion of the 
trees in the stratum after treatment. 

We took this approach for two reasons. First, we 
used the work by Helms and Tappeiner (1995, 1996) 
done for SNEP that summarizes the state of 
silvicultural knowledge of Sierra Nevadan forests. 
They based this summary on a series of reports that 
they commissioned that summarized what has been 
learned from long-term studies of _ silvicultural 
treatments in the Sierra Nevada including studies from 
the University of California's Blodgett Forest 
Research Station (Olson and Helms 1996), Blacks 
Mountain, Swain Mountain (red fir type), Laacke and 
Tappeiner (1996), and Challenge Experimental 
Forest. Also they commissioned a study of stand 
density treatments and results (Oliver, et al. 1996). 
Helms and Tappeiner (1995, 1996) summarize the 
results from applying silvicultural methods of single 
tree selection, group selection, shelterwood, seed tree, 
and clearcutting with an emphasis on the mixed 
conifer type for which there is the most knowledge 
and to a lesser degree the red fir type. They state: 
"The major lessons learned from long-term studies on 
experimental forests are that Sierran forests of 
moderate to high site quality are capable of 
maintaining a high level of stocking and growth rate 
while at the same time sustaining a substantial harvest, 
if protected from catastrophic wildlife. Furthermore, 
these harvests would assist in preventing stands from 
losing vigor and becoming unhealthy due to excessive 
stocking. All silvicultural methods were shown to be 
similar in terms of their influence on growth and 
productivity (Helms and Tappeiner 1995, p. iv)." 

We realize that, in practice, a combination of 
individual tree selection and group selection will be 
used depending on the distribution of the trees across 
the landscape. We do not, though, simulate even-aged 
regeneration harvest with removal of the overstory 
over a relatively brief period associated with 
establishment of the next stands except in the case of 
severe fire where stand replanting would be expected. 

Second, we simulate individual tree selection 
because it enables us to address achievement of the 
late-successional goals associated with most 
alternatives. These goals call for a continuous 
presence of large trees across the landscape, to 
varying degrees, except for where fire has killed them 
(Franklin and Fites-Kaufmann 1996). 

In our analyses, we rely on occasional waves of 
natural regeneration to replenished the supply of small 
trees (see Cousar, et al. 1996 for more discussion). 
Helms and Tappeiner (1995) express some concerns 
in relying solely on this approach. "Prompt natural 
regeneration of all species is sometimes adequate 
providing sufficient bare mineral soil is available for a 


seed bed. However, due to periodicity of seed crops 
and depredation by rodents and insects, it is often 
desirable to supplement natural regeneration with 
planting. Competing vegetation commonly needs to 
be treated in order to allow conifer regeneration to 
become rapidly established (Helms and Tappeiner 
1995, p. iv)." Thus, as noted below, we may be 
underestimating the capital that will be needed to 
ensure adequate regeneration. 


Stages in the SAFE FOREST Model 


We have built a four-stage forest-level model to 
analyze the implications of different policies and 
objectives for managing the federal lands of the Sierra 
Nevada (Figure 13): 


1) The first stage uses a Model I formulation for each 
ALSE polygon to maximize the achievement of 
LS/OG rank within the polygon subject to goals on 
watershed disturbance given the permitted 
activities. 

2) The second stage uses a Model I formulation for 
the remainder of the forest (all non-ALSE LS/OG 
polygons) which sets goals for LS/OG rank and 
watershed disturbance for each LS/OG polygon and 
goals for timber harvest level (even-flow) over 
time for the entire forest. The timber harvest 
level includes the results from the first stage 
analysis. Subject to achieving these goals, the 
second stage maximizes timber harvest from the 
forest given the permitted activities. 

3) The third stage simulates the — stochastic 
application of fire to the forest for five decades. 
We assume that the planned schedule of activities, 
forest growth, and effects from stages one and two 
will occur. We then simulate the size, distribution, 
and intensity of wildfires for the forest for a series 
of randomly selected weather streams, with a 
weather stream identifying the distribution of 
weather between normal and extreme in each 
period. 

4) Finally, we incorporate the implications of these 
fires for the actions on the forests, outputs, and 
effects. The effects of fire depend on the stand 
condition when the fire occurs. Salvage occurs 
when permitted. Then, the prescribed activities 
from the first two stages are adjusted to take the 
"next best" activities given that a fire has 
occurred. That is, in each burned strata, a 
substitute prescription is chosen which maintains 
the same pre-fire activities as the original 
prescription, but considers the fire effects over the 
decades remaining in the planning horizon. Both 
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in-strata and cumulative LS/OG polygon effects 
are considered in the post-fire prescription choice. 


Modifying the prescriptions after a fire involves 
substituting a Model I vector (column) of activities 
which maintains the pre-fire activities while changing 
the post-fire activities to meet the goals of the 
prescription given that a fire has occurred. Following 
a fire, and evaluation of fire effects on forest 
structure, SAFE FORESTS draws from among a large 
number of pre-generated strata level prescriptions 
which represent pathways to strata level forest 
structure goals given that either a human-caused or 
natural disturbance occurs. The prescription chosen 
must maintain the emphasis (structure goal for the 
strata) and recognize the watershed goals for the 
LS/OG polygon. See Cousar et al. (1996) for 
additional details on the goal-oriented strata level 
prescription development used here. 


Mathematical Formulations 


Mathematical formulations used in the first two stages 
are: 


First StageStage 
Objective (for each ALSE polygon): 


maximize the sum of the ranks for all strata in the 
polygon 
a 


So Be. Tt 
Max 2 x x x Regen eee 
z=1 s=1 p=1 te#=l1 

subject to: 
Input constraints 

Ps 

sy Xzsp = Area s 

p=1 
For s=1....,8, 2=1,...2 


Xzsp 2 OO € Z, S, P 


Entirely allocate each stratum to one timing choice in 
one prescription for the five periods 


Ee 
eae a 
p=t 
Ps 
Ausp Uzsp Xzsp 
pal 
For s= 1 PSep 2-H 1, Z 


Policy constraints 


1) Do not exceed the ERA goal in any of the three 
ones defined in relation to the stream 


Se. the 
xX Z Enxgspt Xzsp S ERAMAX, z=1-3 
s=l1 p=l1 
2) Evenflow of timber harvest 
a) Accounting rows (for later use) 

Z S Ps 

» x y Vaspt Xzsp = He =0 t=1, Paik 

z=1 s=1 p=l 


Also only allow prescriptions that display a rank from 
period to period that does not decline (nondeclining 
rank) and that reach a final rank of some specified 
level 


where: 


X,sp = acres of prescription p of analysis area (strata) s 
of land use zone z. 


R,so. = LS/OG rank in period t of prescription p of 
analysis area s of zone z. 


E, so. = contribution to ERA in period t of prescription 
p of analysis area s of zone z 


Vso. = timber harvest volume in period t of 
prescription p of analysis area s of zone z 


S, = number of analysis areas in zone z 

Z = number of zones in the LS/OG polygon 

P, = number of prescriptions for analysis area s 
Area, = size of analysis area s, in acres 


H, = timber harvest volume in period t 


Second Stage 
Objective function: 


maximize the timber harvest in all non-ALSE LS/OG 
polygons 


M Zn S, P, 
x De des Dy 
k=K+1 z=1 s=1 p=1 


Vizspt Xkzsp 
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subject to: 


Input constraints 
Ps 
LY Xkzsp = Area s 
P=1 
For s = 1....,8,, Z = 1,...Z,,, k= k+1,...M 
Xs) 20 € Z, 8, p 


zsp — 


Entirely allocate each strata to one timing choice in 
one prescription for the five periods 


P, 
LY Uesp = 1 U=0,1 
p= 
Ps 
x Asn Ukzsp = Xkzsp 
p=l 


Fors = 1....,8,, Z = 1,...Z,,, m=1....M 
Policy constraints 


1) Do not exceed the ERA goal in any of the three 
zones defined in relation to the stream in each 
LS/OG polygon 

S, P, 
Dee Es, Exespt Xkzsp < ERAMAX,, 
s=1 p=1 


For z= 1,...Z4m, k=k+1....M 
2) Evenflow of timber harvest 


a) Accounting rows 
M Z, S,  P, 
x my o Dy Viet Zkzsp = U, =0 
k=K+1 z=1 s=1 p=l 
for t = 1,...,T 
b) Even flow constraint 
K K 
pe Hut + U; -z Hues = Uns =0 t= 


k=1 k=1 


3) Allow only prescriptions that meet some specified 
rank in each period 


where: 


Xkzsp = acres of prescription p of analysis area (strata) 
s of land use zone z of LS/OG polygon k. 


Ryzspt = LS/OG rank in period t of prescription p of 
analysis area s of zone z of LS/OG polygon k. 


Exzspt = ERA contribution in period t prescription p of 
analysis area s of zone z of LS/OG polygon k. 


Vizspp = timber harvest volume in period t from 
prescription p of analysis area s of zone z of LS/OG 
polygon k 


Sx, = number of analysis areas in zone z of LS/OG 
polygon k 


Z, = number of zones in LS/OG polygon k 
P, = number of prescriptions for analysis area s 


L, = total timber harvest volume from produced in 
period t from all ALSEs 


Area, = size of analysis area s, in acres 


H,, = timber harvest volume in period t from ALSE 
polygon k 


K = number of ALSE polygons 


U, = total harvest in period t from all nonALSE 
polygons 


M = total number of LS/OG polygons 
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Problem Size 


As discussed above, we represented the first two stages 
as Model I formulations of forest activity scheduling 


problems. Problem size for the Eldorado NF and 
Plumas NF was approximately as follows: 
Stage 1 Eldorado 
Plumas 
Number of linear models 52 53 
(no. of ALSE polygons) 
No. of analysis areas(AA) 200 500 
per model 
No. of prescription choices/AA 1-135* 1-135* 
Number of policy constraints 
per model 
a. ERA 15 15 


(Note: ensuring NDY of rank and ending rank was done by 
limiting the prescriptions that could be employed; * number of 
choices depends upon policy analyzed) 


Stage 2 Eldorado Plumas 
Number of linear models 1 1 
Num. of analysis areas 26,000 80,000 
Num of prescription choices 1-700* 1-700* 
Num. of policy constraints 
a. ERA (3/LS/OG/period) 1800 2400 
b. NDY 5 5 


(Note: ensuring that needed ranks are achieved is done through 
selection of permitted activities; *=number of choices depends 
upon policy analyzed) 


Usually, linear programming is used to solve these 
formulations. We did not do that; rather, we 
developed a heuristic to enable rapid solutions for 
policy analysis (less than an hour to solve both stages 
for a forest). 


Solution Methodology 


A heuristic is used to assign activities to each strata of 
each land-use zone of each polygon to reach goals for 
the administrative unit. Only activities on federal land 
are simulated. 


The solution procedure has four stages: 


1) Assignment of activities to strata in ALSE 
polygons in the absence of fire (Figure 14). 

2) Assignment of activities to strata in the nonALSE 
polygons in the absence of fire (Figure 15). 

3) Simulation of fire (Figure 16) 

4) Simulated management response to fire (Figure 
17). 


The heuristic has similarities to binary search in 
that strata are ordered in terms of priority for 
treatment. It improves on binary search, and has 
similarities to the approach used by Hogason and Rose 
(1984), in that it allows for consideration of multiple 
prescriptions for each strata instead of only one for 
each strata as done in binary search. 


First and Second Stages 


The first stage applies to each ALSE polygon. All 
strata are given an initial prescription of NOACTION. 
Rank is maximized subject to ERA limits. 
Prescriptions considered are limited to those that will 
satisfy certain tests for rank. Each of three zones 
that relate to distance from stream have a single limit 
on ERA; thus each strata has only one ERA limit in 
each period. All periods are considered simultaneously 
to stay within ERA controls over time. Given the 
order of consideration for the strata, prescriptions are 
identified that maximize rank, that is, reach the 
desired rank earlier than any other candidate 
prescription while not exceeding the cumulative ERA 
limit for the land zone of the ALSE polygon in any 
period. If more than one prescription can achieve the 
desired rank at the earliest time, the prescription 
which has the lowest average ERA is chosen. 

The second stage applies to the nonALSE 
polygons, in terms of selection of activities, and to 
the entire forest in terms of the harvest flow goal. All 
nonALSE polygons are given an initial prescription of 
NOACTION. As with the ALSE polygons, each of 
three land zones that relate to distance from stream 
have a single limit on ERA and all periods are 
considered simultaneously to control on ERA. 

Given the order of consideration for the strata, 
prescriptions are selected which meet LS/OG goals, 
any other limits on permitted activities and make the 
largest contribution to providing harvest in those 
periods that have lower than average harvest while 
not exceeding the ERA in any period. In the event of 
a tie, the prescription which has the lowest average 
contribution to ERA for the strata is chosen. 
Aggregate harvest is then updated and the calculations 
move to the next strata. 
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This heuristic uses binary search with an embedded 
gradient subsearch. The analysis begins with the 
existing forest structure and known condition of each 
watershed. The strata are ordered within each LS/OG 
polygon, land class, veg strata, aspect, and slope class. 
To guide the gradient subsearch toward a sustainable 
harvest flow, a forest wide objective function of 
minimizing decadal deviations from a trial decadal 
harvest volume is specified. 


Specify trial decadal timber harvest volume: 


For LS/OG polygon = Alse to NonAlse 
For aspect = south to north 
For slope = flat to steep 
For landclass = uplands to near stream 
For veg type = first to last 
For activity = first to last 


If polygon is ALSE polygon then 


identify contribution this activity would make 
to ALSE goal for strata while not exceeding 
watershed goal for landclass 

If polygon is not ALSE 


identify the maximum _ contribution _ this 
activity would make to reducing deviations to 
trial sustainable timber production goal while 
meeting LS/OG goal and not exceeding 
watershed goal for land class 


Next activity 


Update solution by allocating best activity to 
entire strata (0/1) 


Next veg type 
Next landclass 
Next slope 
Next aspect 
Next LS/OG polygon 


If trial volume not sustainable, then reduce trial 
volume and repeat procedure. If volume sustainable, 
increase trial volume and repeat procedure. 

These procedures are not guaranteed to find the 
solution that yields the highest value of the objective 
function given the constraints, as does _ linear 
programming. We have not systematically compared 
these solutions to those that would result from using 
linear programming as the solution technique. In 
early use of the model, however, we did take a second 
pass through the strata to see whether the solution 
could be improved with little effect. A positive feature 
of the model is that the solution is closely tied to the 
ground through the large number of polygons, 


spatially defined riparian land classes within polygons, 
and slope and aspect classes. Experience with 
management plans developed with more coarse land 
stratifications indicated as much as a 30% deviation 
between the linear programming solution and the 
actual harvest plan. 

The priorities for consideration of different strata 
recognize a number of objectives. In terms of slope 
and steepness, the priority generally is south flat, 
north flat, south steep, north steep. These priorities 
reflect both cost of treatment and risk of fire. The 
priority for treatment of the major species groups are 
mixed conifer, ponderosa pine, red fir, and hardwood. 
Alpine receives only the NO ACTION prescription. 


Third and Fourth Stages -- Fire Simulation 


A sequential approach has been taken to simulate the 
occurrence, extent and effects of fire. Following 
assignment of activities, fire ignitions occur based 
upon historical probabilities within polygons and 
spread into contiguous areas. 

Fire effects are then estimated using the 
vegetation structure and composition in each strata at 
the time of the fire along with the topographic 
variables of slope and aspect. The simulations are then 
repeated a number of times to obtain an estimate of 
the variability of the outcomes. 

The solution from part 1 is then subjected to a set 
of weather streams, fire ignitions, and fire spread. The 
fire effects are calculated and management reaction is 
simulated. 


The fire simulation procedure is: 
For decade = first to last 
For year = 1 to 10 
For subpolygon = first to last 
IF this is an extreme weather year 
test random number against probability of 
a large fire starting under extreme weather conditions 
in this polygon 
IF this is a normal year 
test random number against probability of a 
large fire starting under extreme weather 
conditions in this polygon 


IF fire starts then 


IF polygon has already burned in this period do 
not reburn 
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identify fire size from a list of historical fire 
sizes for administrative unit using frequency 
distribution of historical fire sizes 


grow fire by burning entire polygon fire starts 
in 


update veg status for burned strata by selecting 
new activity which maintains management 
emphasis for that veg type given that a fire 
has occurred. 


IF ERA for LS/OG polygon is not exceeded, 
then salvage 


IF ERA for LS/OG polygon is exceeded, postpone 
green harvest for other strata while maintaining 
same 

management emphasis 


IF fire has not reached target fire size, spread fire 
to adjacent polygon according to prevailing winds for 
that area (administrative unit or subunit). 


IF adjacent polygon is a fuel break then calculate 

average weighted flame length for strata in burned 

polygon and average weighted flame for strata in 
fuel break 


test random number against probability of fire 
crossing fuel break given approaching flame length 
and fuel break flame length 


IF random number less than probability of 
crossing fuel break then burn fuel break and fire 
stops 


Update polygon veg type 
IF fire has not reached target fire size, spread fire 
to adjacent polygon according to prevailing winds 
for that area (administrative unit or subunit). 
Next subpolygon 
Next year 
Next decade 


See Bahro (1996) for specific coefficients used in 
modeling fire behavior. 


An Example of SAFE FOREST Analyses 


In our analysis of management options for the federal 
forests of the Sierra Nevada, we are examining a 


number of different strategies. We show here the 
results of one simulation for one management strategy 
for the Eldorado NF: actively manage the forest using 
prescribed fire, fire breaks, and timber harvest in both 
the ALSEs and matrix to achieve a high late- 
successional rank for late-successional forests in the 
ALSEs and a mid late successional rank in the matrix; 
reduce fire hazard; limit watershed impacts in the 
near-stream, stream influence (midslope), and uplands 
zones; and produce a sustainable timber harvest. We 
chose this strategy because it illustrates the full use of 
management tools and policy goals. 

We will focus here on five aspects of the analysis 
for the Eldorado NF: 1) LS/OG rank, 2) potential for 
severe fire, 3) fires during the simulation periods and 
their effects, 4) ERA levels, and 5) timber harvest 
levels. We show the spatial distribution over time of 
LS/OG rank, potential for severe fire, and fires during 
the simulation periods. 

All information is available for the entire forest 
and also for the two major components (ALSEs and 
matrix). 


LS/OG Rank 


In this alternative, LS/OG rank increases over time, 
especially in mixed conifer polygons (Figures 18-19 
and Tables 1-3). Tabular information is provided on 
LS/OG rank in a number of ways: 1) average rank by 
forest type and period (Table 1), 2) average rank by 
forest type, land allocation, and period (Table 2), and 
3) distribution of each type among different ranks by 
period (Table 3). The distribution of each type 
among different ranks is especially valuable as a guide 
to how activities and fires affect the production of 
high, medium, and low ranks. 

The maps show rank by LS/OG polygon based on 
the area weighted average of different strata within 
the polygon. The tables show ranks for the strata in 
different forest types ignoring nonforest, i.e., the 
tabular information is one source of the LS/OG 
polygon ranks along with nonforest elements. Thus, 
the map for the first period shows no rank 4 and 5 
mixed conifer polygons while the tables show that 
27% of mixed conifer in the first period is rank 4. 

From period to period, the rank can decline even 
if the objective is to increase rank. This is mainly due 
to the destructive influence of wildfire. 


Potential for severe fire 


The potential for severe fire is measured through the 
proportion of the basal area in a stand that would be 
killed if the stand burned under severe weather. By 
this measure, potential for severe fire decreases 
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significantly over time, especially in the mixed 
conifer polygons (Figures 20-21). Tabular 
information partitions each forest type in each period 
among classes reflecting different amounts of basal 
area damage if the stand burns and also breaks this 
information down by LS/OG rank for mixed conifer 
(Tables 4-5). We consider severe damage to occur if 
more than 60% of the stand basal area is killed by fire. 
By this measure, mixed conifer decreases from 68% 
having the potential for severe damage in period | to 
12% in period 5. Looking at rank 4 mixed conifer, 
the amount of it increases from 35,000 acres in period 
1 to 51,000 acres in period 5 while the proportion of 
rank 4 that would burn severely decreases from 100% 
in period 1 to 16% in period 5. In sum, the policy 
scenario involving significant hazard reduction 
measures appears to result in greater fire resiliency 
over time. 


Fires during the simulation period 


The amount and location of fire varies over the five 
periods (Figures 22-23 and Table 6). 

Tabular information is given for the amount 
burned by severity class in each type in each period 
(Table 7) and the amount burned by severity class in 
each LS/OG rank in mixed conifer in each period 
(Table 8). Over time, the proportion of the fire 
acreage that burns severely declines sharply. 

The amount of severe fire in ALSE polygons is 
measured additionally by the percent of mixed conifer 
and ponderosa pine in the large size, high crown 
closure stands which undergo stand-terminating fire by 
ALSE cluster during the five decades. ALSE clusters 
are specific groups of contiguous ALSE polygons 
designed to promote redundancy (high chance of 
survivability) of high rank conditions in specific forest 
areas. 

The frequency with which various LS/OG polygons 
burned during the next 50 years can be tabulated from 
the 10 simulations run for each management strategy. 
As expected, the lower elevation polygons have a 
much higher-than-average frequency of burning 
(McKelvey and Bussey, 1996). 


ERA levels 


ERA levels over time are reported separately for the 
three different stream influence zones for both 
ownerships together and for public and private 
components individually (Table 9). In this analysis, 
zone | was limited to .10, while zones 2 and 3 were 
not constrained. The ERA for zone 1 stayed roughly 
constant over time while that of zones 2 and 3 
gradually rose over time. 


Timber harvest 


Timber harvest is composed of "green" volume from 
planned activities and salvage volume from fire 
salvage activities (Table 10). 


Other reports 
We create a number of other periodic reports: 


1) Flame length potential by forest type 

2) Flame length potential for mixed conifer by 
LS/OG rank 

3) Flame length of mixed conifer of each LS/OG rank 
that burned 

4) Acres of prescribed burn by forest type 

5) Distribution of forest types among different 
Wildlife Habitat Relationship categories 

6) Acres of different habitat quality (poor, medium, 
good) for 20 wildlife species. 

7) Distribution of forest acres among categories 
reflecting different numbers of trees over 30". 

8) Gross value, cost, and net value of the harvest 
over time by type of harvest (selection, salvage) 

9) Inventory volume by species in different DBH 
classes for the mixed conifer types 

10)Harvest volume by species in different DBH 
classes for the mixed conifer types 


A summary report is also available which shows the 
number of harvest entries over 50 years in each land 
allocation in each forest type. 


Future Development 


The SAFE FORESTS model should be considered a 
work in progress. Improvements could be made in 
almost all areas. The spatial incorporation of wildfire 
has been a central part of this model. Improved ways 
of distributing fire on the landscape should 
undoubtedly be made. More explicit spatial 
recognition of the strata within polygons may be 
required. 

There has been no linkage between suppression 
effort and fire size. Although cumulative effects of 
wildfire on watershed disturbance and forest stocks of 
both live and dead wood are tracked, the financial 
costs of wildfire suppression are not addressed so 
tradeoffs between presuppression efforts, suppression 
efforts, and forest condition cannot be made. 

An attempt has been made to recognize weather as 
a major driver in natural disturbance. But, although 
normal and extreme weather years are generated 
during simulations, the ignition frequency probabilities 
have been assumed constant with time and fuel 
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conditions associated with weather do not specifically 
recognize the cumulative effects of multi-year drought 
on tree stress, insect cycles, and the dynamics of 
forest mortality. There has been no accounting of 
forest smoke from both  presuppression and 
suppression activities to gauge the effectiveness of 
management activities. 

The development of the SAFE FORESTS model 
has concentrated upon forest structure, fire hazard, 
watershed condition, and timber output as measures of 
ecosystem health and _— sustainability. Explicit 
relationships between these measures of ecosystem 
condition and performance and wildlife remain to be 
incorporated. Additional development will be needed if 
spatial relationships between types of wildlife habitat 
are desired. 

In summary, numerous useful improvements could 
be made. The efforts in this study should be considered 
an initial attempt. 
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Figure 1 


LS/OG polygons ranked by local experts as to their degree of LS/OG structural complexity and contribution to late successional 
forest function (rangewide structural standard). 
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Figure 2 


Eldorado National Forest: forest types used in the LS/OG mapping. 
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Figure 3 


Eldorado National Forest: Areas of Late Successional Emphasis (ALSE). 
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Figure 4 


Eldorado National Forest: defensible fuel profile zones (Fuel Breaks). 
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Figure 5 


Eldorado National Forest: simulation polygon boundaries. 
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Figure 6 


Eldorado National Forest: riparian influence zones. 
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Eldorado National Forest: Example of USDA Forest Service strata vegetation polygons. 


ADDENDUM 


-222:} Rank 0 
~| Rank 1 
Rank 2 


[| Rank 3 
| Rank 4 and 5 


Non-federal land 


0 5 10 15 20 — Administrative boundary 


Kilometers 
0123 45 67 8 % 10 
P 4 


Miles OSU Forest Resources 


Figure 8 


LS/OG polygons ranked as to degree of LS/OG structural complexity and contribution to late successional forest function by 
evaluating each vegetation class within each polygon (rangewide structural standard for mixed conifer and ponderosa pine types 
and series-normalized structural standard for higher elevation types. Note: the series-normalized standard generally ranks LS/OG 
polygons higher than does the rangewide standara). 
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Figure 9 


Eldorado National Forest: exaggerated shade relief. 
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Figure 10 


Eldorado National Forest: roadless regions. 


153 


METHODOLOGY FOR SIMULATING FOREST GROWTH, FIRE EFFECTS, TIMBER HARVEST, AND WATERSHED DISTURBANCE UNDER DIFFERENT MANAGEMENT REGIMES 


Relative Ignition Probability 


Least 


ay 
[| 
| | Greatest 


— Administrative boundary 


0 5 10 15 20 


Kilometers 
014723 45 67 8 $ 10 
| 


Miles OSU Forest Resources 


Figure 11 


Eldorado National Forest: relative ignition probabilities. 
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Figure 12 


Eldorado National Forest: fuel models. 
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Figure 13. Stages in the SAFE FORESTS model. 
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Adjust the schedule of activities, outputs, and effects from stages 1 
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Figure 14, Flowchart for Stage 1. 
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Figure 15. Flowchart for Stage 2. 
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Figure 16. Flowchart for Stage 3. 
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Figure 17. Flowchart for Stage 4. 
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Table 1. Rank by forest t on federal land before harvest for decades (periods) I- 


---------- Period ------------- 
forest type 1 2 3 4 5 
subalpine 3.94 4.20 4.22 4.34 4.51 
white fir mx cf 2.34 2.40 2.40 2.49 2.52 
ponderosa pine 2.43 2.61 3.06 3.18 3.35 
westside mx cf 2.69 2.71 2.67 2.80 2.90 
red fir 3.34 3.34 3.31 3.28 3.41 
hardwood 2.91 229L 3.43 3.84 4.18 
ns/brush/barren 0.00 0.00 0.00 0.00 0.00 
total 2.24 2.30 2.35 2.42 2.50 


Table 2. Rank by period and land allocation for each decade (period). Withdrawn category is Wilderness, 
ripzone-] category is the Community/Energy Zone, ripzone-2 is the Land Use Influence Zone, fuelbreak 
category is the area within fuelbreak polygons, and the uplands category is the remainder of the federal land 


period - 1 overall forest rank is 2.24 
withdrawn ripzone-1l ripzone-2 fuelbreak uplands 


(1) (2) (3) (4) (5) 
subalpine 3.82 4.14 4.07 3.94 4.03 
white fir mx cf 2.24 2.42 2.35 2.25 2.34 
ponderosa pine 2.24 2.48 2.65 1.95 2.26 
westside mx cf 2.14 2677 2.78 2.55 2.65 
red fir 3.30 3.44 3.39 3.20 3.34 
hardwood 2.17 2.61 2.89 3.37 2.98 
ns/brush/barren 0.00 0.00 0.00 0.00 0.00 
total 1.57 2.23 2.47 2.31 2.39 


period - 2 overall forest rank is 2.30 
withdrawn ripzone-1 ripzone-2 fuelbreak uplands 


(1) (2) (3) (4) (5) 
subalpine 4.16 4.29 4.25 4.09 4.22 
white fir mx cf 2.59 2.73 2.29 2.18 2.40 
ponderosa pine 2.72 2.71 2.92 1.52 2.46 
westside mx cf 2.32 2:97 2.89 LF 2.79 
red fir 3.39 3.41 3.45 3.02 3.32 
hardwood 2.17 2.61 2.89 3.17 2.98 
ns/brush/barren 0.00 0.00 0.00 0.00 0.00 
total 1.68 2.39 2539 1.94 2.47 


period - 3 overall forest rank is 2.35 
withdrawn ripzone-1 ripzone-2 fuelbreak uplands 
(1) (2) (3) (4) (5) 


subalpine 4.17 4.31 4.28 4.14 4.26 
white fir mx cf 2.84 2.89 2.28 25 23s 
ponderosa pine 2.79 3.25 3.32 1.56 3.02 
westside mx cf 2.97 3.03 2.76 1.73 2.74 
red fir 3.67 3.45 3.27 3.24 3.12 
hardwood 3.17 3.37 3.45 3.17 3.49 
ns/brush/barren 0.00 0.00 0.00 0.00 0.00 
total 1.76 2.54 2.58 2.01 2.48 
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period - 4 overall forest rank is 2.42 
withdrawn ripzone-1 ripzone-2 fuelbreak uplands 


(1) (2) (3) (4) (5) 
subalpine 4.30 4.39 4.38 4.29 4.38 
white fir mx cf 3.45 3.03 2.40 1.94 2.39 
ponderosa pine 3.23 3.47 3.43 1.44 3.15 
westside mx cf 3.19 3.07 2.92 1.78 2.88 
red fir 3.67 3.58 3.08 3.39 3.07 
hardwood 4.09 4.09 4.07 0.83 4.06 
ns/brush/barren 0.00 0.00 0.00 0.00 0.00 
total 1.83 2.64 2.66 1.94 2.56 


period - 5 overall forest rank is 2.50 
withdrawn vipzone-1 ripzone-2 fuelbreak uplands 


(1) (2) (3) (4) (5) 
subalpine 4.45 4.66 4.59 4.44 4.55 
white fir mx cf 3.99 3.02 2.43 2.10 2.35 
ponderosa pine 3.23 3.44 3.59 1.63 3.43 
westside mx cf 3.72 3.21 3.00 1.91 2.97 
red fir 4.00 3.74 3.09 3.69 3.11 
hardwood 4.09 4.30 4.44 0.83 4.49 
ns/brush/barren 0.00 0.00 0.00 0.00 0.00 
total 1.97 2.70 2.74 2.10 2.63 


period - 1 overall forest rank is 2.24 


% of forest type by rank total 

0 1 2 3 4 5 acres 

subalpine - 00 -00 -00 -41 .25 34 38,431 
white fir mx cf .09 -O1 .54 -17 -18 00 110,281 
ponderosa pine .07 .00 -48 .33 eh2 .00 66,673 
westside mx cf .07 .02 32 .31 -27 -00 129,525 
red fir -02 .00 -02 .56 »41 .00 82,461 
hardwood -00 -00 54 -00 46 .00 4,522 
ns/brush/barren 1.00 .00 .00 .00 .00 .00 107,021 
total ~25 -O1 «25 -27 -20 02 538,914 


period - 2 overall forest rank is 2.30 


% of forest type by rank total 

0) 1 2 3 4 5 acres 

subalpine -00 -00 -00 -14 352 34 38,431 
white fir mx cf -10 -O1 -49 -22 -19 -00 110,281 
ponderosa pine 08 -O1 -49 - 08 35 .00 66,673 
westside mx cf 09 .02 .38 -10 -41 .00 129,525 
red fir -00 -00 ° .03 -60 me lf .00 82,461 
hardwood -00 - 00 54 -00 -46 .00 4,522 
ns/brush/barren 1.00 .00 .00 -00 -00 00 107,021 


total -25 sO 26 -18 -28 .02 538,914 
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period - 3 overall forest rank is 2.35 


% of forest type by rank total 

0 1 2 3 4 5 acres 

subalpine .00 .00 .00 .12 .53 .34 38,431 
white fir mx cf -10 -O1 -50 -20 -20 .00 110,281 
ponderosa pine 06 -03 poe ba -38 -42 .00 66,673 
westside mx cf .09 03 33 ~22 BS ie) 00 129,525 
red fir .00 .00 .03 -64 “oo .00 82,461 
hardwood 00 -00 -03 “Dik .45 -O1 4,522 
ns/brush/barren 1.00 .00 -00 .00 .-00 -00 107,021 
total 25 .O1 -20 .25 .27 -02 538,914 


period - 4 overall forest rank is 2.42 


% of forest type by rank total 
0) 1 2 3 4 5 acres 
subalpine .00 .00 .00 .00 -66 34 38,431 
white fir mx cf -O1 -10 -50 -20 -20 -00 110,281 
ponderosa pine .05 -05 .08 .30 -52 .00 66,673 
westside mx cf .09 .03 .26 .25 37 .00 129,525 
red fir .00 .00 .02 .68 .30 .00 82,461 
hardwood .04 .00 -03 .00 .86 .07 4,522 
ns/brush/barren 1.00 .00 .00 .00 .00 .00 107,021 
total .23 .03 .18 .24 «29 .03 538,914 
period - 5 overall forest rank is 2.50 
% of forest type by rank total 
0 1 2 3 4 5 acres 
subalpine .00 .00 .00 .00 .49 .51 38,431 
white fir mx cf .00 .10 .49 .19 .22 .0O0 110,281 
ponderosa pine .03 .06 .10 .16 65 .00 66,673 
westside mx cf .04 .05 .29 é22 .39 .O1 129,525 
red fir .00 .00 -O1 -57 -42 .00 82,461 
hardwood .04 .00 .03 .00 -52 -41 4,522 
ns/brush/barren 1.00 .00 -00 .00 .00 .00 107,021 
total .21 .04 -18 .20 .32 -04 538,914 


Table 4. Forest type on federal land by fire severity class potential by decade (period). The severity class 
potential is the percent of basal area which would die if strata were to burn. 


period - 1 
fraction of forest type by severity class potential 

(beginning of period) total 

0 1-20 21-40 41-60 61-80 81+ acres 

subalpine 0.00 0.69 0.31 0.00 0.00 0.00 38,431 
white fir mx cf 0.00 0.06 0.42 0.48 0.01 0.03 110,281 
ponderosa pine 0.00 0.00 0.00 0.07 0.10 0.83 66,673 
westside mx cf 0.00 0.00 0.00 0.32 0.10 0.58 129,525 
red fir 0.00 0.02 0.96 0.02 0.00 0.00 82,461 
hardwood 0.00 0.00 0.46 0.54 0.00 0.00 4,522 
ns/brush/barren 1.00 0.00 0.00 0.00 0.00 0.00 107,021 
total 0.20 0.06 0.26 0.19 0.04 0.25 538,914 
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period - 2 
fraction of forest type by severity class potential 
(beginning of period) total 
0 1-20 21-40 41-60 61-80 81+ acres 
subalpine 0.00 0.71 0.29 0.00 0.00 0.00 38,431 
white fir mx cf 0.00 0.14 -72 0.14 0.00 0.00 110,281 
ponderosa pine 0.00 0.02 0.07 0.08 0.07 0.76 66,673 
westside mx cf 0.00 0.12 0.44 O.14 0.07 O.23 129,525 
red fir 0.00 0.57 0.41 0.02 0.00 0.00 82,461 
hardwood 0.00 0.01 0.86 0.03 0.00 0.10 4,522 
ns/brush/barren 1.00 0.00 0.00 0.00 0.00 0.00 107,021 
total 0.20 0.20 0.35 0.07 0.03 0.15 538,914 
period - 3 
fraction of forest type by severity class potential 
(beginning of period) total 
0 1-20 21-40 41-60 61-80 81+ acres 
subalpine 0.00 0.65 0.35 0.00 0.00 0.00 38,431 
white fir mx cf 0.00 0.39 0.50 0.11 0.00 0.00 110,281 
ponderosa pine 0.00 0.06 0.31 0.07 0.03 0.53 66,673 
westside mx cf 0.00 0.49 0.24 0.07 O.01 0.19 129,525 
red fir 0.00 0.56 0.43 0.02 0.00 0.00 82,461 
hardwood 0.00 0.13 0.84 0.00 0.00 0.03 4,522 
ns/brush/barren 1.00 0.00 0.00 0.00 0.00 0.00 107,021 
total 0.20 0.34 0.30 0.05 0.01 0.11 538,914 
period - 4 
fraction of forest type by severity class potential 
(beginning of period) total 
0 1-20 21-40 41-60 61-80 81+ acres 
subalpine 0.00 0.57 0.43 0.00 0.00 0.00 38,431 
white fir mx cf 0.00 0.57 O.31 0.06 0.03 0.03 110,281 
ponderosa pine 0.00 0.47 0.31 0.04 0.00 0.18 66,673 
westside mx cf 0.00 0.60 0.24 0.03 0.01 0.13 129,525 
red fir 0.00 0.40 0.57 0.01 0.02 0.00 82,461 
hardwood 0.00 0.43 0.53 0.00 0.00 0.04 4,522 
ns/brush/barren 1.00 0.00 0.00 0.00 0.00 0.00 107,021 
total 0.20 0.42 0.28 0.03 0.01 0.06 538,914 


period - 5 
fraction of forest type by severity class potential 


(beginning of period) total 

0 1-20 21-40 41-60 61-80 81+ acres 

subalpine 0.00 0.20 0.68 0.12 0.00 0.00 38,431 
white fir mx cf 0.00 0.64 0.25 0.02 0.05 0.03 110,281 
ponderosa pine 0.00 0.67 0.28 0.00 0.00 0.05 66,673 
westside mx cf 0.00 0.64 0.22 0.03 0.01 0.11 129,525 
red fir 0.00 0.52 0.33 0.14 0.02 0.00 82,461 
hardwood 0.00 0.32 0.57 0.00 0.00 0.11 4,522 
ns/brush/barren 1.00 0.00 0.00 0.00 0.00 0.00 107,021 
total 0.20 0.46 0.24 0.04 0.02 0.04 538,914 
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Table 5. Fraction of Mixed Conifer on federal land by fire severity potential by rank for each decade (perioc 
Severity class potential is the percent of basal area which would die if strata were to burn. Total Acres are th. 
total acres in each rank at the beginning of the decade (period), 


period - 1 
fraction of MIXED CONIFER by severity class potential 
(beginning of period) total 
0 1-20 21-40 41-60 61-80 81+ acres 
rank 0 0.00 0.00 0.00 0.24 0.67 0.09 9,162 
rank 1 0.00 0.00 0.00 0.86 0.00 0.14 2,918 
rank 2 0.00 0.00 0.00 0.62 0.14 0.24 42,023 
rank 3 0.00 0.00 0.00 0.27 0.01 0.72 40,293 
rank 4 0.00 0.00 0.00 0.00 0.00 1.00 35,129 
rank 5 0.00 0.00 0.00 0.00 0.00 0.00 ) 
period - 2 
fraction of MIXED CONIFER by severity class potential 
(beginning of period) total 
0 1-20 21-40 41-60 61-80 81+ acres 
rank 0 0.00 0.00 0.01 0.74 0.02 0.22 11,587 
rank 1 0.00 0.00 0.19 0.69 0.00 0.12 3,150 
rank 2 0.00 0.24 0.40 0.12 0.17 0.07 49,097 
rank 3 0.00 0.26 0.46 0.07 0.06 0.14 13,152 
rank 4 0.00 0.00 0.58 0.00 0.00 0.42 52,539 
rank 5 0.00 0.00 0.00 0.00 0.00 0.00 0 
period - 3 
fraction of MIXED CONIFER by severity class potential 
(beginning of period) total 
6) 1-20 21-40 41-60 61-80 81+ acres 
rank 0 0.00 0.00 0.72 0.00 0.03 0.25 11,540 
rank 1 0.00 0.00 0.72 0.15 0.00 0.13 4,119 
rank 2 0.00 0.74 0.08 O.11 O.01 0.06 42,688 
rank 3 0.00 0.42 0.30 0.14 0.00 0.14 28,396 
rank 4 0.00 0.47 0.18 0.00 0.00 0.35 42,782 
rank 5 0.00 0.00 0.00 0.00 0.00 0.00 0 
period - 4 
fraction of MIXED CONIFER by severity class potential 
(beginning of period) total 
0 1-20 21-40 41-60 61-80 81+ acres 
rank 0 0.00 0.00 0.71 0.00 0.03 0.27 11,323 
rank 1 0.00 0.02 0.80 0.03 0.00 0.15 3,417 
rank 2 0.00 0.96 0.04 0.00 0.00 0.00 34,214 
rank 3 0.00 0.41 O.37 O.10 O.01 0.11 32,014 
rank 4 0.00 0.64 0.16 0.00 0.01 0.19 48,557 
rank 5 0.00 0.00 0.00 0.00 0.00 0.00 0 
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period - 5 
fraction of MIXED CONIFER by severity class potential 


(beginning of period) total 

0 1-20 21-40 41-60 61-80 81+ acres 

rank 0 0.00 0.00 0.39 0.01 0.04 0.56 5,215 
rank 1 0.00 0.03 0.93 0.02 0.02 0.00 6,826 
rank 2 0.00 0.90 0.10 0.00 0.00 0.00 37,000 
rank 3 0.00 0.52 0.28 0.11 0.00 0.09 28,579 
rank 4 0.00 0.68 0.16 0.00 0.01 0.15 51,070 
rank 5 0.00 0.00 0.00 0.00 0.00 1.00 835 


Table 6. Total public and private forest acres burned each decade (period). The average fire per decade for t 


simulation was 19,981 acres. 


Period Acres 
1 10,798 
2 32,848 
3 9,338 
4 25,749 
5 21,170 


pe on federal land burned by severi i i 


period - 1 
: fraction of forest type (federal) 
which burned by severity class total 
0 1-20 21-40 41-60 61-80 81+ acres 
subalpine 0.00 0.64 0.36 0.00 0.00 0Q.00 2,110 
white fir mx cf 0.00 0.21 0.44 0.35 0.00 0.00 63 
ponderosa pine 0.05 0.00 0.00 0.00 0.00 0.95 429 
westside mx cf 0.06 0.00 0.00 0.29 0.08 0.57 3,800 
red fir 0.00 0.03 0.97 0.00 0.00 0.00 945 
hardwood 0.08 0.00 0.71 0.22 0.00 0.00 79 
ns/brush/barren 1.00 0.00 0.00 0.00 0.00 0.00 2,170 
total 0.25 0.14 0.18 0.12 0.03 0.27 9,596 
period - 2 
fraction of forest type (federal) 
which burned by severity class total 
0 1-20 21-40 41-60 61-80 81+ acres 
subalpine 0.00 0.56 0.44 0.00 0.00 0.00 120 
white fir mx cf 0.57 0.04 0.30 0.09 0.00 0.00 8,006 
ponderosa pine 0.80 0.00 0.04 0.00 0.00 0.16 4,893 
westside mx cf 0.51 0.02 0.30 0.02 0.01 0.15 9,788 
red fir 0.62 0.23 0.14 0.01 0.00 0.00 3,602 
hardwood 0.88 0.00 0.11 0.00 0.00 0.02 114 
ns/brush/barren 1.00 0.00 0.00 0.00 0.00 0.00 2,214 
total 0.63 0.05 0.21 0.03 0.00 0.08 28,737 
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period - 3 
fraction of forest type (federal) 
which burned by severity class total 
0 1-20 21-40 41-60 61-80 81+ acres 
subalpine 0.00 0.00 0.00 0.00 0.00 0.00 0) 
white fir mx cf 0.95 0.03 0.03 0.00 0.00 0.00 305 
ponderosa pine 0.95 0.01 0.04 0.00 0.00 0.00 2,029 
westside mx cf 0.64 0.20 0.10 0.01 0.00 0.06 2,340 
red fir 0.85 0.00 0.00 0.15 0.00 0.00 205 
hardwood 0.62 0.00 0.36 0.00 0.00 0.03 960 
ns/brush/barren 1.00 0.00 0.00 0.00 0.00 0.00 1,723 
total 0.82 0.06 0.09 0.01 0.00 0.02 7,562 


period - 4 
fraction of forest type (federal) 


which burned by severity class total 

) 1-20 21-40 41-60 61-80 81+ acres 
subalpine 0.00 0.00 0.00 0.00 0.00 0.00 0 
white fir mx cf 0.93 0.02 0.04 0.02 0.00 0.00 1,040 
ponderosa pine 0.86 0.06 0.00 0.02 0.00 0.06 8,369 
westside mx cf 0.97 0.02 0.01 0.00 0.00 0.00 4,979 
red fir 0.78 O.00 0.04 0.15 0.02 0.00 413 
hardwood 0.95 0.05 0.00 0.00 0.00 0.01 131 
ns/brush/barren 1.00 0.00 0.00 0.00 0.00 0.00 3,022 
total 0.92 0.03 0.01 0.02 0.00 0.03 17,954 
period - 5 

fraction of forest type (federal) 

which burned by severity class total 

0 1-20 21-40 41-60 61-80 81+ acres 
subalpine 0.00 0.00 0.00 0.00 0.00 0.00 0 
white fir mx cf 0.54 0.00 0.01 0.13 0.25 0.07 376 
ponderosa pine 0.95 0.02 0.00 0.00 0.01 0.02 6,286 
westside mx cf 0.71 0.10 0.08 0.03 0.01 0.06 7,444 
red fir 0.88 0.00 0.00 0.04 0.08 0.00 412 
hardwood 0.58 0.00 0.03 0.00 0.00 0.39 284 
ns/brush/barren 1.00 0.00 0.00 0.00 0.00 0.00 2,574 
total 0.84 0.05 0.04 0.02 0.01 0.04 17,376 
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Table 8.__Fraction of Mixed Conifer on federal land by rank burned by severity class for each decade (peric 
Severity class is the percent of basal area estimated to die when the strata burned. Total Acres are the total < 


of the Mixed Conifer by rank which burned in this simulation, 


period - 1 


fraction of MIXED CONIFER burned by severity class 


(beginning of period) total 
6) 1-20 21-40 41-60 61-80 81+ acres 
rank 0 0.00 0.00 0.00 0.00 1.00 0.00 212 
rank 1 0.46 0.00 0.00 0.34 0.00 0.20 35 
rank 2 0.05 0.00 0.00 0.60 0.06 0.28 868 
rank 3 0.07 0.00 0.00 0.35 0.02 0.56 1,612 
rank 4 0.07 0.00 0.00 0.00 0.00 0.93 1,073 
rank 5 0.00 0.00 0.00 0.00 0.00 0.00 0) 
period - 2 
fraction of MIXED CONIFER burned by severity class 
(beginning of period) total 
0 1-20 21-40 41-60 61-80 81+ acres 
rank 0 0.95 0.00 0.00 0.00 0.05 0.00 816 
rank 1 1.00 0.00 0.00 0.00 0.00 0.00 227 
rank 2 0.88 0.00 0.07 0.04 0.00 0.01 3,671 
rank 3 0.08 0.15 0.71 0.00 0.00 0.06 1,358 
rank 4 0.16 0.00 0.47 0.00 0.00 0.36 3,716 
rank 5 0.00 0.00 0.00 0.00 0.00 0.00 0 
period - 3 
fraction of MIXED CONIFER burned by severity class 
(beginning of period) total 
0 1-20 21-40 41-60 61-80 81+ acres 
rank 0 1.00 0.00 0.00 0.00 0.00 0.00 42 
rank 1 1.00 0.00 0.00 0.00 0.00 0.00 6 
rank 2 1.00 0.00 0.00 0.00 0.00 0.00 937 
rank 3 0.14 0.62 0.20 0.04 0.00 0.00 655 
rank 4 0.60 0.07 0.14 0.00 0.00 0.19 700 
rank 5 0.00 0.00 0.00 0.00 0.00 0.00 0) 
period - 4 
fraction of MIXED CONIFER burned by severity class 
(beginning of period) total 
0 1-20 21-40 41-60 61-80 81+ acres 
rank 0 1.00 0.00 0.00 0.00 0.00 0.00 1,772 
rank 1 1.00 0.00 0.00 0.00 0.00 0.00 320 
rank 2 1.00 0.00 0.00 0.00 0.00 0.00 1,980 
rank 3 0.84 0.10 0.01 0.03 0.00 0.02 430 
rank 4 0.80 0.09 0.09 90.00 0.00 0.01 477 
rank 5 0.00 0.00 0.00 0.00 0.00 90.00 0 
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period - 5 
fraction of MIXED CONIFER burned by severity class 
(beginning of period) total 
0 1-20 21-40 41-60 61-80 81+ acres 
rank 0 0.98 0.00 0.00 0.00 0.02 0.00 459 
rank 1 1.00 0.00 0.00 0.00 0.00 0.00 399 
rank 2 1.00 0.00 0.00 0.00 0.00 0.00 1,825 
rank 3 0.70 0.07 0.10 0.13 0.00 O.O01 1,843 
rank 4 0.47 O.23 0.15 0.00 0.01 0.15 2,882 
rank 5 0.00 0.00 0.00 0.00 0.00 1.00 36 


Table 9._ Percent ERA Report by decade (period) by zone by owner group. Units are equivalent roaded acre 


acre. 

zone 1 = 150 ft each side of stream (Community/Energy Zone) 
zone 2 = variable buffer outside of 150 ' (Land Use Influence Zone) 
zone 3 = uplands 

zone period 

ae 2 3 4 5 

1 federal 08 .08 -08 .08 -08 

2 federal .10 .121 12 .12 11 

3 federal .12 22 .13 #3 213 

1 other .10 -10 .10 -10 .10 

2 other ; .20 .20 .20 -20 .20 

3 other .20 .20 .20 .20 -20 

1 average -08 .09 -08 -09 .09 

2 average .13 eab3 .14 onl .14 

3 average 14 .14 aS -15 tao 

overall Lo 23 14 14 14 


Table 10. Federal harvest volumes by period and type. 


Period Green Timber Salvage Total Harvest 
mmbf /yr mmbf /yr mmb£ /yr 
1 76.9 2.0 78.9 
2 70.8 2.8 73.6 
3 78.8 0.4 T22 
4 81.2 1.1 82.3 
5 78.1 2.2 80.3 
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Figure 18 


Eldorado National Forest: LS/OG polygon rank through time. LS/OG polygons ranked as to degree of LS/OG siructural complexity 
and contribution to late successional forest function by evaluating each vegetation class within each polygon (rangewide structural 
Standard for mixed conifer and ponderosa pine types and series-normalized structural standard for higher elevation types). 
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Figure 19 


Eldorado National Forest: LS/OG polygon rank through time. LS/OG polygons ranked as to degree of LS/OG siructural complexity 
and contribution to late successional forest function by evaluating each vegetation class within each polygon (rangewide structural 
Standard for mixed conifer and ponderosa pine types and series-normalized structural standard for higher elevation types). 
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Figure 20 


Eldorado National Forest: fire severity potential. 
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Figure 21 


Eldorado National Forest: fire severity potential. 
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Figure 22 


Eldorado National Forest: fire occurrence. 
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Figure 23 


Eldorado National Forest: fire occurrence. 
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INITIAL RESULTS FROM SIMULATION OF 
ALTERNATIVE FOREST MANAGEMENT 
STRATEGIES FOR TWO NATIONAL FORESTS 
OF THE SIERRA NEVADA 


ABSTRACT 


The Sierra Nevada Ecosystem Project (SNEP) has, 
as part of its charge, the purpose of developing 
management strategies to maintain the health and 
sustainability of Sierra Nevada ecosystems while 
providing resources to meet human needs. Based 
on the problems identified in SNEP’s analysis of 
Sierra Nevada ecosystems, we focused on forest 
management strategies to achieve five goals 
relative to that purpose: 1) rebuilding late- 
successional forests, 2) reducing the potential for 
severe (stand-replacing) fire, 3) restoring riparian 
areas and watersheds, 4) reintroducing historical 
ecosystem processes, and 5) producing a 
sustainable supply of timber in a cost-effective 
manner. 

We developed 10 alternatives that varied in the 
relative emphasis that would be placed on the five 
goals and on the management activities that would 
be used to achieve them, especially the mix of 
prescribed fire and timber harvest. To reflect 
possible federal budget restrictions, we also 
developed modifications of the alternatives that 
limit the investment that would be available for 
management activities. We applied these 
alternative management strategies to two national 
forests of the Sierra Nevada, the Eldorado and 
Plumas, to illustrate their potential for improving 
ecosystem health and sustainabililty while meeting 
human needs. 

We employed a simulation model, called SAFE 
FORESTS, in the analysis. SAFE FORESTS was 
built specifically to integrate the concepts and 


quantitative models developed in the SNEP 
process to address forest ecosystem goals such as 
those mentioned above. 

Our analysis suggests that much of the pine and 
mixed conifer forests on the two national forests 
examined is currently susceptible to severe (stand 
replacing) fire if the stands burn. Without active 
management, the extent of these forests susceptible 
to severe fire if they burn will increase. Fuel 
treatments (prescribed fire or a combination of 
prescribed fire and timber harvest), though, can 
significantly decrease the potential for these forests 
to suffer severe fire. Much progress could be made 
within 20 years. 

The building of defensible fuel profile zones 
(quarter-mile strips on which the overstory canopy 
closure would be maintained at low levels) on these 
two national forests could reduce the size of 
wildfires as a first step toward limiting the extent 
of severe fires and also could reduce the potential 
for escape of prescribed fires. In addition, they 
could increase safety of fighting wildfires. With an 
aggressive fuel-reduction program, however, little 
long-term difference was found between 
alternatives that used defensible fuel profile zones 
and those that did not use them. 

Late-successional, old-growth forests (LS/OG 
forests) on these two national forests can be rebuilt 
at the same time that the susceptibility of these 
forests to severe fire is reduced, but it will take 
somewhat longer to rebuild late-successional 
complexity. Over fifty years, the amount of high- 
ranked late-successional forest doubled in many 
alternatives. Many different combinations of 
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prescribed fire and timber harvest rebuild late- 
successional complexity at about the same rate. 

One alternative focused on the goal of 
minimizing the potential for severe fire in the pine 
and mixed conifer forests. The strategy of 
minimizing the potential for severe fire most 
rapidly reduced the area prone to this kind of fire 
but, as modeled here, did not rebuild late- 
successional characteristics. 

Keeping watershed disturbance — within 
commonly suggested limits for federal forests could 
significantly affect the role of timber harvest in 
achieving the goals of the analysis. Existing 
watershed condition and expected action on 
nonfederal land were especially important in 
determining the amount of action on federal land 
consistent with limits on watershed disturbance. 

Timber harvest could generally pay for itself in 
the different alternatives, although the net revenue 
fluctuates widely depending on the size and 
species harvested. Sizeable investments, however, 
would be needed for prescribed fire as it appears 
that most strategies would require a significant 
increase in the use of prescribed fire. 

While the analysis concentrates on federal 
lands, management of intermingled and adjacent 
nonfederal lands could have an impact on the 
success of any strategy for federal lands. 
Management of nonfederal lands could affect the 
performance of defensible fuel profile zones, the 
functioning of late-successional forests on federal 
land, and the level of watershed disturbance in 
watersheds shared with federal lands. 

We suggest at least six cautions in using these 
results: 1) Prescribed fire appears well suited to 
address many of the issues of health and 
sustainability in Sierra Nevada ecosystems. A 
number of considerations, though, suggest caution 
in relying on prescribed fire as the only solution, 
including the difficulty of applying prescribed fire 
in stands that have experienced a build up in fuels. 
2) Timber harvest cannot be relied upon as a 
complete substitute for prescribed fire as it does 
not fulfill all roles of fire in the ecosystem. Also, 
timber harvest can have negative ecosystem 
impacts of its own such as those that occur through 
mechanical disturbance. 3) The simulations suggest 
that forest inventories will increase under all the 
alternatives. Some caution should be used in 
putting too much credence in this result as we may 
have not accurately modeled periodic mortality 
from insects, especially in the larger trees. 4) We 
have used a set of generic prescriptions based on 
the goals of the analysis and general landscape 
condition. We find these adequate for our 
modeling exercise, but realize that more site- 
specific prescriptions will be needed in actual land 
management. The simulations are intended to 


illustrate the ways in which the management 
strategies could, in aggregate, play out on the 
landscape. They are not intended to preempt the 
development of detailed allocations and 
prescriptions in the field. 5) It is unclear how 
much active management in terms of prescribed fire 
or timber harvest can occur near streams and still 
meet objectives of limiting watershed disturbance. 
Here, perhaps more than any other part of the 
landscape, it is hard to portray accurately the 
implications of the different alternatives. 6) A 
relatively small number of simulations were 
employed in developing these results. |More 
analysis is needed, especially an analysis of the 
variability of wildfire and its effects and a testing 
of the conclusions drawn here on other national 
forests of the Sierra Nevada. 


INTRODUCTION 


The Sierra Nevada Ecosystem Project (SNEP) was 
commissioned by Congress to undertake a 
“scientific review of the remaining old growth in the 
national forests of the Sierra Nevada in California, 
and for a study of the entire Sierra Nevada 
ecosystem ... (Appendix A, Sierra Nevada 
Ecosystem Project 1994).” 

In addition, the Steering Committee guiding the 
work of SNEP charged the Science Team, in part, 
“to develop a range of alternative management 
strategies to maintain the health and sustainability 
of Sierra Nevada ecosystems while providing 
resources to meet human needs (Appendix E, Sierra 
Nevada Ecosystem Project 1994).” The 
importance of developing management strategies 
for late-successional forests and watersheds was 
emphasized in numerous letters from Congress and 
in a bill considered by the Agriculture Committee of 
the House that became, in part, a model for the 
SNEP assignment. That bill (HR 6013) requested 
"recommendations of alternative management 
strategies to protect and enhance each ecosystem of 
the Sierra Nevada forests and the resources thereof, 
including the watersheds and _late-successional 
forests and their dependent and _ associated 
species, including a determination of whether late- 
successional reserves are necessary for the 
maintenance of the health of the Sierra forest 
ecosystems and if such reserves are necessary, 
what lands should be included in such reserves.” 
The bill also requested that ecological, timber 
harvest, economic, and social effects of alternative 
management strategies be specified (See 
Appendices A through E of Sierra Nevada 
Ecosystem Project 1994 for more details.) 

In response to this assignment, SNEP assessed 
the state of Sierra Nevada ecosystems from a 
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variety of perspectives (Sierra Nevada Ecosystem 
Project 1996a, 1996b). Analyses were conducted 
on the state of late-successional forests, riparian 
areas, watersheds, air quality, wildlife, plants, 
range land, economic vitality, community well-being 
and many other aspects of these ecosystems. Also, 
analyses were conducted on actions and processes 
that influence the health and well-being of these 
ecosystems including drought, fire, insects, 
diseases, timber harvest, grazing, dams and mining. 
Finally, SNEP scientists attempted to suggest and 
evaluate "management strategies to maintain the 
health and sustainability of these ecosystems while 
meeting human needs (SNEP, 1994)." 

This report summarizes the results from a set of 
simulations of alternative management strategies 
for two national forests of the Sierra Nevada that 
attempt to address some of the issues surrounding 
health and sustainability uncovered in the SNEP 
assessments. These strategies are expressed in 
terms of different goals for the forests and 
watersheds of the Sierra and in terms of the 
activities that could be employed to achieve these 
goals. 

While this analysis is heavily quantitative in 
form, it is intended to render largely qualitative 
conclusions such as whether reducing the potential 
for severe fire is compatible with rebuilding late- 
successional forests and whether timber harvest 
can assist in rebuilding these forests without 
degrading watersheds. We hope that the report 
will be read in that vein. 


LATE SUCCESSIONAL FORESTS AND 
FIRE: FOCUS OF THE ANALYSIS 


In response to the Congressional direction for a 
scientific review of the remaining _ late- 
successional/old-growth (LS/OG) forest on the 
national forests of the Sierra Nevada, Franklin and 
Fites-Kaufmann (1996) led an extensive assessment 
of the state of these forests. Their analysis found a 
significant decline in the amount and complexity of 
LS/OG forest in the commercial forest types, 
especially mixed conifer and east-side pine. They 
found that key structural features of LS/OG 
forests--such as large diameter trees, snags, and 
logs--were generally at low levels. Furthermore, 
much of the remaining high quality LS/OG forest 
on national forests is unreserved and potentially 
available for harvest. On the positive side, they 
found that the forest cover in most areas was not 
heavily fragmented by clear-cutting and stands 
have sufficient structural complexity to provide at 
least low levels of LS/OG forest function. 

Franklin, et al. (1996) then proposed and 
evaluated the potential for a number of different 


conservation strategies for late-successional forests 
relative to their ability to: (1) provide sufficient, 
well-distributed high-quality late-successional/old- 
growth forest to sustain the organisms and 
functions associated with such ecosystems for the 
next century and (2) provide conditions which 


facilitate connectivity for organisms moving 
between old-growth forest areas. 
These conservation strategies all involve 


increasing the general extent and complexity of 
late-successional forests in the Sierra Nevada. 
Some involve identifying relatively large Areas of 
Late Successional Emphasis (ALSEs) where late- 
successional forests will be emphasized and also 
increasing the late-successional attributes of the 
intervening forest (called the "matrix"). Variations 
on this strategy call for more or less prescribed fire 
and mechanical treatment (timber harvest) in the 
ALSEs to accelerate development of these 
characteristics. Other strategies call for a more 
dispersed late-successional system. Finally, one 
strategy uses the concept of a "regulated forest" to 
achieve levels of late-successional forests over the 
landscape without concern over concentration of 
the late-successional areas in contiguous blocks. 
From the beginning of the SNEP assessment of 
late-successional forests, it was clear that the 
threat of severe fire from the build up in fuels and 
decrease in fire periodicity in some types would be 
major considerations in any strategy to rebuild the 
late-successional forests of the Sierra Nevada 
(Franklin and Fites-Kaufmann 1996, McKelvey, et 
al. 1996, Skinner and Chang 1996, Weatherspoon 
1996, and Weatherspoon and Skinner 1996). While 
opinions may vary somewhat as to the degree of 
the current extent of the threat of severe fire, it is 
clear that we need to understand the survivability 
of late-successional forests, and the forest in 
general, under different forest management 
strategies including strategies explicitly aimed at 
reducing fuels and limiting the extent of fires that 
do occur (Weatherspoon and Skinner 1996). 
Therefore, we have undertaken an analysis to 
assess the likelihood that various policies will 
achieve late-successional goals while 
simultaneously reducing the potential for high 
severity fire. This paper examines a number of 
strategies for achieving these two goals, and other 
goals discussed below, and presents some of the 
ecological and economic implications of these 
strategies. Some of the strategies use the ALSE 
approach mentioned above in which attempts to 
rebuild late-successional forests are concentrated in 
specific areas with an associated emphasis on 
maintaining at least some minimum levels of these 
characteristics on the forest between these areas 
(“the matrix”). Others aim at achieving late- 
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successional goals across the landscape. Still others 
try to minimize the likelihood of severe fire as the 
overriding objective. Some allow timber harvest 
and prescribed fire, others allow only prescribed 
fire on part or all of the landscape, and still others 
allow neither. 


Developing Integrated Conservation 
Strategies for Forests, Streams, and 
Watersheds 


SNEP has assessed the state of Sierra Nevada 
ecosystems from aé_ variety of perspectives. 
Numerous issues relative to the health and 
sustainability of these ecosystems have been 
identified beyond the issues mentioned above 
relative to late-successional forests and fire. Other 
issues identified in SNEP that intersect with the 
issues surrounding forest management relative to 
late-successional forests and fire are: 


-- declines in aquatic biodiversity and existing 
and potential threats to riparian-associated 
species and ecosystems (Erman 1996, 
Kattelmann and Embury 1996, Knapp 1996, 
Kondolf, et al. 1996, Jennings 1996, Moyle 
1996a, Moyle, et al. 1996a, Moyle, et al. 1996b, 
Yoshiyama, et al. 1996). 


-- existing and potential difficulties from 
watershed disturbance (Berg, et al. 1996, 
Kattelmann 1996, Kondolf, et al. 1996, 


Menning, et al. 1996). 

-- declines in terrestrial biodiversity and existing 
and potential threats to terrestrial wildlife 
species and ecosystems (Graber 1996, Shevock 
1996, Davis and Stoms 1996). 

-- production of timber as an objective on some 
lands including the sizes and species that might 
be harvested and the associated costs and 
revenues (Ruth 1996). 

-- the potential effect of budget constraints on fuel 
treatments and other activities on federal lands 
(Ruth 1996). 

-- management of existing roadless areas (Ruth 
1996). 

We wish to consider strategies for addressing 
these issues simultaneously with strategies for late- 
successional forests because the strategies to deal 
with the different identified issues potentially 
influence each other. Mechanical treatment to 
improve LS/OG rank, decrease fuel loadings, 
and/or produce timber can impact riparian areas 
and watersheds. Aquatic goals for riparian zones 
can affect the amount of LS/OG forest and the 
freedom to treat the zones to reduce fire hazards. 
LS/OG goals for ALSEs and the matrix can 
influence fire hazard there and the distribution of 


acres among seral stages and among different 
wildlife habitats. Creation of defensible fuel 
profile zones (fuel breaks) can increase the 
survivability of the ALSEs and the forest in general 
and produce timber volume and value, but at the 
cost of reducing LS/OG rank and_ negatively 
affecting the functioning of ecological systems. 
Wildlife goals can influence the amount and 
distribution of LS/OG. Budget constraints can 
influence the ability to undertake activities of any 
sort. 


Consideration of Wildlife 


Under the subheading “Loss of Riparian and Old- 
growth Habitat,” the SNEP Summary Report 
discusses the major causes of decline in Sierran 
wildlife: “The most important identified cause of 
the decline of Sierran vertebrates has been the loss 
of habitat, especially foothill and riparian habitats 
and late-successional forest. In the Sierra, eighty- 
two terrestrial vertebrate species are considered 
dependent upon riparian (including wet meadow 
and lake shore) habitat; twenty of these are 
considered at risk. Eighteen species are dependent 
upon late-successional forests; five of these are at 
risk. Although few Sierran species appear to 
require closed forest canopies, many more are 
dependent upon large old trees, snags, and downed 
logs in all Sierran woodland and __ forest 
communities for some part of their life cycle (Sierra 
Nevada Ecosystem Project 1996a, p. 5).” 

In this analysis, we have attempted to address 
the causes of wildlife decline, as identified in the 
SNEP Report, through the goals of rebuilding late- 
successional forests, restoring riparian areas and 
watersheds, and reintroducing historical ecosystem 
processes. Rather than focusing on particular 
wildlife species, we have focused on restoring 
habitats that have been identified as a key to 
recovery of Sierran wildlife. Further analysis, 
though, is needed that evaluates how well the 
different management strategies meet the 
requirements of particular species. 


Problems not Addressed 


SNEP scientists identified many problems and 
issues with maintaining the health and 
sustainability of Sierra Nevada ecosystems beyond 
those addressed here and suggested strategies for 
overcoming the problems that they found. Some of 
these other problems and strategies are: 


-- potential vulnerability of some native plant 
communities, especially non-forest communities 
and native plant communities not represented 
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on federal land because areas dedicated to their 
maintenance are lacking (Davis and Stoms 
1996). Procedures for selecting biodiversity 
management areas to address this problem can 
be found in Davis, et al. (1996). Davis and his 
colleagues have developed an allocation model 
that selects watersheds in the Sierra Nevada, 
under different objectives and constraints, on 
which to emphasize maintenance of native 
vegetation to ensure the continued existence of 
the variety of plant communities that now exist 
in the Sierra Nevada. The selected areas are 
called Biodiversity Management Areas (BMAs). 
We did not include this approach to conserving 
plant communities in our analysis for two 
reasons. First, the approach taken by Davis, et 
al. uses a flexible procedure that can react to 
the placement of LS/OG emphasis areas and 
other land use zones in determining where to 
place BMAs. Thus, it might best be used 
interactively with different strategies for late- 
successional forests. Second, forest structure 
goals and limits on activities have not been 
identified for the different community types 
considered in the analysis by Davis, et al.; 
therefore, it is not clear how designation of a 
watershed as a BMA will affect management. 
air pollution from outside the region or from 
urban areas inside the region (Cahill, et al. 
1996). Suggestions for addressing these air 
quality problems are discussed in Cahill, et al. 
Cahill et al. also discussed potential air quality 
issues surrounding prescribed burning. 

adverse effects on native aquatic organisms 
from changed water-flow regimes, introduction 
of exotics, and dumping of pollutants (Jennings 
1996 and Moyle, et al. 1996b). Suggestions for 
addressing these problems are discussed in 
Moyle (1996b). 

fire and settlement issues on private land in the 
region (McKelvey, et al. 1996, Husari and 
McKelvey 1996, Weatherspoon and Skinner 
1996, Duane, 1996, McBride, et al. 1996). 
Suggestions for addressing these issues are 
covered in Weatherspoon and Skinner (1996) 
and Duane (1996). 

condition of rangelands (Menke, et al. 1996). 
Options for improving rangelands conditions 
can be found in Menke, et al. 

the leakage of value out of the region with little 
reinvestment (Stewart 1996). Options for 
addressing this issue can be found in Sierra 
Nevada Ecosystem Project (1996b). 
institutional capacity to implement strategies 
for addressing the issues identified in Sierra 
Nevada Ecosystem Project (1996b). 


GENERAL APPROACH 


Based on the problems identified in SNEP’s 
analysis of Sierra Nevada ecosystems, we focused 
on forest management strategies to achieve five 
goals relative to that purpose: 1) rebuilding late- 
successional forests, 2) reducing the potential for 
severe (stand-replacing) fire, 3) restoring riparian 
areas and watersheds, 4) reintroducing historical 
ecosystem processes, and 5) producing a 
sustainable supply of timber in a cost-effective 
manner. 

We developed 10 alternatives that varied in the 
relative emphasis that would be placed on the five 
goals and on the management activities that would 
be used to achieve them, especially the mix of 
prescribed fire and timber harvest. To reflect 
possible federal budget restrictions, we also 
developed modifications of the alternatives that 
limit the investment that would be available for 
management activities. We applied these 
alternative management strategies to two national 
forests of the Sierra Nevada, the Eldorado and 
Plumas, to illustrate their potential for improving 
ecosystem health and sustainabililty while meeting 
human needs. 


Simulation Methodology 


In our analysis, we use a model specially built for 
this work called Simulation and Analysis of Fire 
Effects in the FORESTS of the Sierra Nevada 
(SAFE FORESTS). SAFE FORESTS is a strategic 
planning model that emphasizes the analysis of 
strategies for late-successional forests in fire-prone 
landscapes, but that can also measure and limit 
effects on riparian areas and watersheds. The 
model can also accept goals for, or limits on, timber 
harvest and develop reports that can provide a 
basis for assessing the adequacy of wildlife habitat 
and seral stage representation. Also, it reports 
likely costs and revenues associated with different 
strategies. See Sessions, et al. (1996) in this volume 
for a detailed explanation of SAFE FORESTS and 
an example of its use on the Eldorado National 
Forest. 


Relation to Other Recent Studies of 
Federal Forests 


A number of analyses of federal forests in the West 
have been done in recent years such as FEMAT 
(1993) and the CAL OWL DEIS (USDA Forest 
Service 1995). Our approach here differs from these 
other approaches in a number of ways. 
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First, these other studies presented alternatives 
that were readily translatable into management 
plans, or changes in management plans, for federal 
forests. The "alternatives" in this study do not 
allow for this ready translation. Rather, they are 
meant to broadly examine different goals for the 
federal forests of the Sierra, and strategies to 
achieve them, and to suggest the implications of 
these goals and strategies. As such, they do not 
have the detail of the previous efforts nor the 
concern that they mesh with current agency 
policies. 

Second, this analysis does not contain a 
"preferred" choice identified from among the 
alternatives as done in the CAL OWL DEIS and 
implied through the special attention given Option 
9 in the FEMAT Report. Each of the choices 
achieves different goals to a lesser or greater degree; 
none dominates the others in simultaneously 
meeting all goals to a higher degree than achieved 
for each goal by the other alternatives. 

Third, we make no claim that we have 
developed a comprehensive and exhaustive set of 
choices for the issues at hand. Rather, we have 
chosen to highlight choices that we believe illustrate 
differing emphases on the goals and strategies that 
appear particularly promising in addressing 
problems with health and sustainability uncovered 
by SNEP. Many other goals and management 
strategies could be easily imagined. We hope that 
such work will follow our efforts. 

Fourth, we explore the implications of the 
different management strategies on only two 
national forests in the Sierra Nevada. The other 
studies applied the alternatives they considered to 
all administrative units in the relevant area while 
we applied our alternatives to only a few of them. 


IMPROVING HEALTH AND 
SUSTAINABILITY: DEFINING, 
MEASURING, AND ATTAINING 
ECOSYSTEM GOALS 


As mentioned above we have defined five goals to 
guide the analysis: 1) rebuilding late-successional 
forests, 2) reducing the potential for severe (stand- 
replacing) fire, 3) restoring riparian areas and 
watersheds, 4) reintroducing historical ecosystem 
processes, and 5) producing a sustainable supply 
of timber in a cost-effective manner. In addition, 
other goals can be pursued by the types of 
activities that are allowed, such as minimizing 
disturbance to certain strata or allowing only 
certain types of disturbance such as prescribed fire. 

In each analysis, these goals are specified in 
hierarchical fashion such that achievement of the 
higher order goal cannot be compromised by 


attempting to achieve a lower order goal. In our 
analysis, the primary goal generally is control of 
watershed disturbance, the secondary goal is 
achievement of some LS/OG rank, and the tertiary 
goal is achievement of an even-flow timber harvest 
(to the degree that timber harvest is permitted). In 
all cases, the problem is structured such that we try 
to achieve as much of the secondary goal as 
possible given that achievement of the primary goal 
is not compromised and, in turn, that we try to 
achieve as much of the tertiary goal as possible 
given that achievement of the secondary goal is not 
compromised. Thus, the optimization problem is 
stated such that we try to "maximize" (or 
"minimize") the achievement of the lowest order 
goal after first achieving specified values for the 
higher order goals. 

We believe that this approach is consistent with 
recent direction established by the USDA Forest 
Service for management of the national forests. As 
an example, a recent directive (USDA Forest 
Service 1996) states that forest structure goals are 
primary goals. Timber harvest occurs as needed to 
meet the structural goals if its use is consistent with 
the multiple use goals for the area. Timber 
production is a secondary goal on areas designated 
for timber harvest to the degree it is cost-efficient 
and does not compromise attainment of the 
primary (forest structure) goal. We have taken 
much the same approach here. 

To understand the tradeoffs associated with 
choosing particular levels for the goals, alternative 
management strategies use different levels. As an 
example, some alternatives use very high LS/OG 
goals for the matrix lands. Other alternatives use 
more modest LS/OG goals. At least one 
alternative does not have LS/OG goals for the 
matrix. 


Measures of Goal Attainment 
Late-successional Goals 


Franklin and Fites-Kaufmann (1996) assessed late- 
successional and old-growth (LS/OG) forest 
conditions for the Sierra Nevada using stand 
structural criteria as measures of the level of 
LS/OG forest function. Larger landscape units, 
called LS/OG polygons, which were relatively 
uniform in type and distribution of vegetation 
patches, were mapped using imagery, maps, 
ground-based information, and the expert 
interpretations of resource specialists. This analysis 
resulted in 180 LS/OG polygons in the Eldorado 
National Forest and 216 on the Plumas National 
Forest. 
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Characteristics of the major patch types in each 
polygon were identified and tabulated by local 
experts and a composite late-successional 
structural ranking was calculated for each polygon 
on a scale that extended from 0 (no contribution to 
LS/OG forest function) to 5 (very high level of 
contribution to LS/OG forest function). This 
approach drew heavily on the local expertise to 
determine rank. 

To determine starting LS/OG rank for the 
simulations, we took a slightly different approach. 
We needed a quantitative description of the forest 
within the LS/OG polygons that could be used to 
determine initial rank and rank though time, and be 
useful for simulating stand dynamics over time 
with growth, mortality and harvest. 

We therefore established rank though a four- 
step process. First, we used the USDA Forest 
Service Region 5 forest classification of species 
type, size class, and percent of crown closure 
(USDA 1994) to define forest vegetation condition 
classes. Second, we used Forest Inventory 
Analysis plot information for each forest class to 
estimate existing forest condition in each vegetation 
class in terms of a tree list by species and diameter 
class, and other information. 

Third, we evaluated each vegetation class 
within each polygon for LS/OG rank using criteria 
provided by Franklin and Fites-Kaufmann as to the 
number of large trees, canopy closure, and 
intermediate canopy. We used a “rangewide 
structural standard” for rank determination for 
mixed conifer and ponderosa pine types and a 
"normalized structural standard" for other types 
which modified the rangewide structural standard 
to account for the attributes of higher elevation 
forests. The series-normalized standard generally 
ranks LS/OG polygons higher than does the 
rangewide standard (See Franklin and Fites- 
Kaufmann (1996) for more information). 

Finally, we estimated LS/OG polygon rank as 
the acre-weighted average rank across all land 
types and conditions within the LS/OG polygon. 
This process gave similar, but not identical 
rankings, for the LS/OG polygons compared to 
those originally estimated by Franklin and Fites- 
Kaufmann. See Sessions, et al. (1996) and Cousar, 
et al. (1996) for details. 


ALSEs 


Clusters of LS/OG polygons have been identified 
as Areas of Late Successional Emphasis (ALSEs). 
These LS/OG polygons generally have above- 
average levels of late-successional characteristics 
and are the focus areas for maintaining high levels 
of late-successional characteristics in many of the 


analyses listed below. They were identified by 
Franklin and Fites-Kaufmann (1996). The 
alternative management strategies in this study 
often specify different LS/OG rank goals for the 
ALSEs and the matrix. 


Fire Severity and LS/OG forests 


Achievement of LS/OG goals can be assisted 
by stand growth, prescribed fire, or certain types of 
timber harvest. Without attention to understory 
structure and canopy’ density, however, 
achievement of high levels of late-successional 
structural complexity can be associated with high 
likelihoods of severe fire. Therefore, attention was 
paid in prescription development to developing 
late-successional structures that would have 
moderate to low levels of basal area consumed by 
wildfire (see Cousar, et al. 1996 for more details). 


Potential Damage from Severe Fire 


Potential damage from extreme weather wildfires is 
measured by percent of basal area which would be 
killed if a fire should occur (See Sessions, et al. 
(1996) for discussion of this approach). We 
generally assume that a total mortality of more 
than 60 percent of the basal area in a stand 
destroys the stand. Reducing the percent of basal 
area that will be killed under extreme-weather 
wildfires can be done through prescribed fire and 
certain kinds of timber harvest. Fuel treatments 
through timber harvest, though, can _ retard 
achievement of late-successional goals or cause 
excessive watershed disturbance. Thus, 
treatments involving harvest are often limited by 
pursuit of other goals. 


Fire Size 


Large fires account for most of the area burned 
in forest fires. Strauss et al. (1989) concluded in a 
study of several climatic regions of the western 
United States that the proportion of area burned 
by the 1% of the largest fires ranged from 80%-96% 
of the area burned. In our simulations we model 
only large fires. Our definition of large fires varied 
by forest from 1000 acres on the Plumas National 
Forest to 3000 acres on the Eldorado National 
Forest (Bahro 1996). 


Defensible Fuel Profile Zones (DFPZs) 


Eldorado and Plumas National Forest LS/OG 
polygons were overlain with a GIS coverage of 
defensible fuel profile zones (DFPZs) often called 
“fuel breaks.” These zones would be 1/4 mile wide 


and were developed in cooperation with Forest 
Service personnel (Bahro 1996, Weatherspoon and 
Skinner 1996) based in part on the research of van 
Wagtendonk (1996). They permit simulation of fuel 
management strategies. In alternatives that use 
DFP2Zs, these strips of land are modified to reduce 
fire intensity, flame length, spotting, and crown fire 
and increase the safety of fire fighters. They require 
periodic maintenance to remain effective. They are 
placed mainly on dominant ridge lines or strong 
intermediate ridges on the Eldorado National 
Forest and on ridges or adjacent to major roads 
and/or large streams on the Plumas National 
Forest. In both cases, they have suitable access to 
facilitate safe fire suppression. 


Watershed Goals 


We recognize three riparian influence zones that 
exhaustively divide the landscape outside of 
reserved areas to help measure watershed 
disturbance. They are based on Kondolf, et al. 
(1996). 

The SNEP GIS team mapped three zones to 
capture the concepts of Kondolf, et al: (1) a zone of 
approximately 150 feet on each side of all streams 
called the Community/Energy Zone, (2) a zone of 
variable width that begins approximately 150 feet 
from the stream, just outside the 
Community/Energy Zone called the Land Use 
Influence Zone that is calculated on the basis of 
stream width and adjacent slope steepness, and 
(3) the remainder of the watershed called the 
Uplands. 

On both the Eldorado National Forest and 
Plumas National Forest, the three zones divide the 
landscape approximately as _ follows: 1) 
Community/Energy Zone (13%), 2) Land use 
Influence Zone (34%) and 3) Uplands (53%). Initial 
tests suggest that the stream layer used by SNEP 
underestimates the miles of stream that will be 
found on federal forests. We would expect that 
field work would result in less acreage in the 
uplands and more in the other two zones. 

Watershed disturbance is measured by the 
percentage of equivalent roaded acres (ERA) in the 
watershed by riparian influence zone. ERA is an 
index of watershed disturbance used extensively by 
the national forests of California. Each proposed 
activity is given an ERA coefficient to measure its 
disturbance potential as is the existing condition of 
the landscape (For a discussion of the ERA 
method, see Menning, et al. (1996) and Sessions, et 
al. (1996)). We recognized two sets of limits on the 
ERA level in the analysis: 
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Each alternative management strategy was 
assigned one of these sets of ERA limits. 

The first set of ERA limits were based on four 
considerations: 1) the SNEP findings that riparian 
areas are the most impacted portions of the 
landscape in the Sierras (Sierra Nevada Ecosystem 
Project 1996a, 1996b), 2) research that suggests 
that aquatic macro invertebrates start to decline in 
the Community /Energy Zone at even very low ERA 
levels (Menning, et al. 1996), 3) a desire to reflect 
that the nearer an activity is to the stream the more 
likely that disturbance from the activity will impact 
the riparian environment, and 4) a desire for the 
acre-weighted ERA to equal .11-.12 to approximate 
the average ERA “threshold of concern” on the 
Eldorado National Forest (Menning, et al. 1996). 

The second set of ERA limits were based on the 
desire to release the ERA limits to measure their 
effect while still providing special protection for 
Community /Energy Zone. 

In our analysis, watershed conditions are 
controlled by LS/OG polygon. LS/OG polygons 
are of the appropriate scale (3000-10,000 acres) 
recommended by Chatoian (1995) for use with the 
ERA method. The existing condition of the 
watershed was taken into account in establishing 
the initial ERA levels. Future activities then 
contributed ERA amounts based on their projected 
degree of disturbance. 

The relationship between watershed 
disturbance and timber harvest was derived from 
the ERA model that we employed (Menning, et al. 
1996) which, in turn, was derived from expert 
opinion and the modest amount of data that is 
available. A number of assumptions have the 
potential of an especially significant effect on 
timber harvest. 

For nonfederal lands, we used ERA coefficients 
of 0.1 in the Community/Energy Zone and 0.2 in 
the other two riparian-influence zones. There is at 
least some _ evidence/logic to support these 
assumptions (see Menning, et al. 1996). We further 
assumed that the federal forests would react to 
actions on private lands within the watershed (here 
LS/OG polygon) by limiting their actions so as not 
to violate overall watershed limits. Given the 
cumulative effect considerations required of 
federal forest managers, we feel this is a reasonable 
assumption. Our more restrictive set of limits had 
an acreage weighted average of about .11. Where- 
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non federal forests covered more than half of a 
LS/OG polygon, therefore, very little federal action 
that contributes ERA coefficients, such as_ timber 
harvest, could occur. 

For lands outside of roadless reaches (roadless 
areas mapped by SNEP), Wilderness, and 
plantations, we used a background ERA level of 
.05 based on the assumption that all forest outside 
Wilderness had experienced salvage at some time. 
This assumed background leaves little room for 
timber harvest activity in the Community/Energy 
Zone under both sets of disturbance limits. It also 
limits activity in the other two zones under the 
more restrictive set of limits. 

We assumed that prescribed fire did not create 
ERA effects. While this assumption might be 
challenged, we have not seen data to refute it. The 
net effect of this assumption combined with the 
assumptions about the ERA effects associated with 
timber harvest activity causes significant reliance 
on prescribed fire to reach ecosystem goals in all 
alternatives that had disturbance limits on all three 
zones. 


Reintroducing Historical Ecosystem Processes 


This goal is addressed in two ways. First, 
rebuilding late -successional forests, reducing the 
threat of severe fire (where it historically did not 
occur) and restoring streams and watersheds 
should help reintroduce historical ecosystem 


processes. Second, the methods used to achieve 
these goals can also contribute to restoring 
historical ecosystem processes. Employing 


prescribed fire and silvicultural methods that 
simulate, to some degree, the historical effect of 
wildfires on Sierra Nevada forests should also help 
achieve this last goal. 


Sustainable, Cost-effective Timber Harvest 


The highest sustainable timber harvest for fifty 
years, compatible with watershed disturbance 
limits and late-successional targets, can be 
specified as a goal. A wide variety of intensities 
and timing of harvest are available to help find the 
highest sustainable level given other goals. The 
choices can be limited to timber sales that pay for 
themselves (“commercial timber sales”) or also 
include those that involve submerchantable 
material and thus may not pay for themselves. 

The highest sustainable level is calculated 
before wildfires occur. Stands that experience 
severe fire mortality before their scheduled harvest 
are deducted from the estimated sustainable level. 
Salvage after a wildfire can occur, in areas where 
“green” timber harvest can occur, if the salvage is 


consistent with overall goals. Thus, the timber 
harvest volume available for any period is the sum 
of two components: 1) "green" timber harvest 
associated with the estimation of a sustainable 
timber harvest for fifty years and 2) salvage timber 
harvest associated with reaction to wildfire. 
Therefore, the overall expected harvest for a period 
can vary somewhat depending on the extent of 
severe fires. 


ALTERNATIVE MANAGEMENT 
STRATEGIES 


Activities Considered 


As discussed above, two general types of human 
intervention (activities) can be used to meet stated 
goals on the national forests: (1) timber harvest, 
and (2) prescribed fire. 

Three types of commercial timber harvest can 
be considered to reach the goals of an alternative: 
1) commercial timber harvest in which trees too 
small to be merchantable are left, 2) “biomassing” 
associated with commercial harvest in which these 
smaller trees are also taken, and 3) DFPZ harvest 
in which a linear path 1/4 mile-wide is treated to 
reduce canopy closure below a certain percentage 
and to reduce ground and ladder fuels. 

One type of prescribed fire is considered. 
Estimates of its impact on stand structure are 
found in Cousar, et al. (1996). 

Undisturbed growth is also considered a 
possible "activity.” 

The outcomes and effects associated with each 
activity in each decade are represented in the 
analysis by the contribution to forest structure 
(LS/OG_— rank), contribution to watershed 
disturbance (ERA), flame length in fires that burn 
under extreme weather, and contribution to timber 
production (board feet harvested). Activities are 
strung together for five decades to form what we 
call a _ "prescription.” Two examples of 
prescriptions are: (1) let the forest grow without 
intervention for five decades and (2) alternate 
commercial timber harvest with prescribed fire 
over the five decade. 

Each stratum within each polygon receives a set 
of prescriptions, consistent with the alternative 
being analyzed, which can be considered to meet 
the goals of the alternative. Development of 
prescriptions is described in Cousar, et al. (1996). 


Silvicultural Methods Employed 
We have modeled all harvests, other than fire 


salvage, as individual tree selection. Each stratum 
is represented by a list of trees with different 
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species, sizes, and characteristics. This list is 
compared to the desired condition, based on the 
goals of the alternative, to decide whether certain 
trees need to be removed. Even-aged regeneration 
harvest, such as shelterwood and clear-cut harvest, 
in which the entire overstory is removed over a 
relatively brief period of time is not contemplated 
except for fire salvage. Rather, a_ significant 
proportion of the trees in the strata are retained 
after treatment. 

We took this approach for two reasons. First, 
we simulate individual tree selection because it 
enables us to address achievement of the late- 
successional goals associated with most 
alternatives. These goals call for a continuous 
presence of large trees across the landscape, to 
varying degrees, except for where fire has killed 
them (Franklin and _ Fites-Kaufmann 1996). 
Second, the work by Helms and Tappeiner (1995, 
1996) done for SNEP that summarizes the state of 
silvicultural knowledge of Sierra Nevada forests 
supports the use of this silvicultural method, 
although they point out that planting may be 
needed to supplement the natural regeneration that 
we count on to replenish the supply of small trees. 
(See Sessions, et al. (1996) for more discussion of 
these points). 


Application of Prescribed Fire 


Many of the strategies made extensive use of 
prescribed fire. The rate of application of 
prescribed fire varies by National Forest and forest 
type (P= application of prescribed fire to all acres 
in the type that do not have timber harvest in a 
decade): 


National Forest 
forest type 


Eldorado NF 
Ponderosa pine 
Mixed conifer 
White fir-mixed conifer 
Hardwood 


ino inolaelac) 
ino inolnelas] 
ino lnolnelae] 


Plumas NF 
Ponderosa pine 
Jeffery pine 
Westside mixed conifer 
Eastside mixed conifer 
Hardwood 


Suddd 


These rates of application came from 
discussions with forest ecologists and fire experts 
slightly modified by experimentation with the 
SAFE FOREST model relative to rates that would 
reduce the potential for severe fire. Other forest 
types, such as subalpine fir, did not receive 
prescribed fire. 


Alternatives Considered 


Ten alternative management strategies for the 
Eldorado and Plumas National Forests are 
analyzed in this section (Table 1). They reflect 
differing emphases among five goals for forest 
management to maintain the health and 
sustainability of Sierra Nevada ecosystems that 
emerged from the SNEP analysis. 

The emphases among these goals are varied in 
two ways (Table 1): 1) Through explicit alteration 
of the target for that goal. We vary the LS/OG 
rank goal in the ALSEs and the matrix, the level of 
watershed disturbance permitted, and_ the 
emphasis on reducing fire severity. 2) Through the 
types and levels of activities that are permitted. 
We vary the areas where timber harvest is 
permitted, often limiting it in ALSEs and the 
matrix. In addition, we allow DFPZs in only some 
of the alternatives and vary the degree to which 
biomassing (harvest of small, nonmerchantable 
trees) is required. Finally, we look at variations of 
the alternatives in which little prescribed fire is 
allowed. 

The general themes illustrated by the 
alternatives are described below. All assume that 
the historical intensity of fire suppression will 
continue into the future. 

The goals emphasized in the alternatives and 
the activities used to accomplish these goals are as 
follows: 

Alternative 1 does not use active management 
such as prescribed fire and timber 
harvest to achieve the goals, but 
rather relies on undisturbed growth. 

Alternative 2 attempts to use prescribed fire to 
achieve late-successional forests 
everywhere, reduce fire severity, and 
reintroduce natural processes. 

Alternatives 3-4 attempt to achieve late- 


successional forests everywhere, 
reduce fire severity, and _ restore 
historical processes through 


prescribed fire in the ALSEs and a 
combination of prescribed fire and 
timber harvest in the matrix. 
Alternative 3 allows only prescribed 
fire in roadless reaches (roadless 
areas mapped by SNEP) while 
alternative 4 allows a combination 
of prescribed fire and timber harvest 
in roadless reaches in the matrix. 
The more restrictive set of watershed 
disturbance limits are employed. 
Alternatives 5-8 attempt to achieve a LS/OG 
rank of 4 in the ALSEs and a 
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LS/OG rank of 3 in the matrix. 
These alternatives all use prescribed 
fire; they differ in where and how 
timber harvest can occur. Alternative 
5 allows timber harvest in the matrix 
but not the ALSEs. Alternative 6 
allows DFPZs in the ALSEs and 
matrix and commercial timber 
harvest in the matrix. Alternatives 7 
and 8 allow timber harvest and 
DFPZs in both the ALSEs and the 
matrix. The alternatives also differ 
in the watershed disturbance limits 
used: alternatives 5-7 use the more 
restrictive set; alternative 8 uses the 
less restrictive set. 

Alternative 9 is similar to alternative 8 except 
the LS/OG rank goal for the 
“uplands” in the matrix is reduced 
from a3 toa 2. 

Alternative 10 focuses on minimizing fire 
hazard. It allows the use of 
prescribed fire, timber harvest, and 
DFPZs as needed throughout the 
forest. It does not give any special 
consideration to the ALSEs. 

All 10 alternatives were applied to the 

Eldorado National Forest; six of them (1, 2, 4, 5, 8, 
10) were applied to the Plumas National Forest. 


Treatment of Wildfire 


In each period, we generate a series of wildfires 
under extreme weather conditions from a 
probabilistic simulator that considers weather, fire 
size and ignition probability. Average decadal 
amount of wildfire and the range in this amount 
from national forest records were used to help 
construct the probability distribution of fire size 
(Bahro 1996): 


Parameter Eldorado NF Plumas NF 


a ... Lhousands of acres /decade... 


Average fire amount 15 62 
Range in fire amount 3.5-32 17-105 


We assumed that this fire acreage occurred under 
extreme weather conditions as those are the 
conditions that often enable fire to escape initial 
attempts at suppression. 

In our simulations, the fires apply to all acres 
within the boundaries of each national forest. With 
the large amount of private land within the 
boundaries of the Eldorado National Forest, we 
increased the average amount of fire per decade on 
that Forest under extreme weather conditions to 
approximately 20,000 acres. 


We used one pass of the wildfire simulator to 
create the results reported here on forest structure, 
outputs, and effects. In total, we simulated 88,000 
acres of wildfire within the administrative 
boundaries of the Eldorado National Forest and 
261,000 acres of wildfire within the administrative 
boundaries of the Plumas National Forest over the 
first four decades. Period-by-period, the wildfire 
acres were: 


Period Eldorado Plumas NF 
NF 


| =-—= — Thousands of acres/decade 


As discussed above, these are acreages of large 


wildfires extreme weather 
conditions. 

For a subset of alternatives, we did 10 passes 
of the wildfire simulator to create an average and 
range of wildfire. As discussed below, the average 
effects from those 10 simulations closely 
approximate the sample set of wildfires used for 


the results reported here. 


burning under 


Forest Types Emphasized 


In the discussion below, we emphasize results for 
pine and mixed conifer forests as did Franklin and 
Fites-Kaufmann (1996) in their analysis. These 
forest types have experienced the largest decline in 
late-successional complexity among the types on 
the Eldorado and Plumas National Forests 
(Franklin and Fites-Kaufmann 1996). They have 
also experienced an increase in fuel loadings and a 
reduction in fire frequency. The composition of the 
pine and mixed conifer forests on these two 
national forests is as follows: 


Forest Type Plumas NF 


Eldorado 
NF 


Ponderosa pine 

Jeffrey pine 

Westside mixed conifer 
Eastside mixed conifer 
White fir mixed conifer 


Total forested acres that could 435 694 
receive active management 
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On the Eldorado National Forest, most of the other 
acres that could receive active management were in 
the red fir types; on the Plumas National Forest, 
most of these other acres were in the white fir type. 


Outcomes and Effects 


We developed measures of attainment for each of 
the five goals (Table 2). We use these measures in 
the discussion below to characterize the results of 
the different alternatives. 


Rebuilding Late-successional Forests 


We measure success in meeting the goal of 
rebuilding late-successional forests through average 
structural LS/OG ranking over time and _ the 
distribution of the forest among LS/OG ranks 
(Franklin and Fites-Kaufmann 1996). In all 
alternatives but alternative 10 (minimize fire 
hazard), average rank in the pine and mixed conifer 
forests increases over time as does the amount of 
rank 4 and 5 (Tables 3a, 3b). Looking at the 
different alternatives, we see that a strategy of little 
or no active management (fire suppression, but no 
prescribed fire or timber harvest) results in the 
fastest increase over 50 years in late-successional 
complexity in pine and mixed conifer forests as 
measured by amount of high-ranked LS/OG forest. 
However, this alternative also resulted in the 
largest amount of low-ranked LS/OG forest due to 
severe fire during the simulation period. 

Examining the individual forest types on the 
Eldorado National Forest, we found that 
alternatives with active management to achieve 
LS/OG_ objectives (alternatives 2-9) generally 
achieved greater amounts of high-ranked LS/OG 
forest in fifty years for the ponderosa pine and 
mixed conifer types than did alternative 1 (no 
active management) and lower amounts of high 
ranked LS/OG forest in the white-fir mixed conifer 
types. Severe fires limit the rank progression in 
ponderosa pine and mixed conifer without active 
management; prescribed fire associated with active 
management limits rank progression in the white 
fir-mixed conifer types. 

Similarly, on the Plumas National Forest, 
alternatives with active management to achieve 
LS/OG objectives (alternatives 2-9) achieve slightly 
greater amounts of high-ranked LS/OG forest in 
the ponderosa pine, Jeffery pine, and Westside 
mixed conifer types while alternative 1 (no active 
management) achieves greater amounts for eastside 
mixed conifer. 

In alternatives that have higher LS/OG goals 
for the ALSEs than for the matrix (alternatives 5- 
9), LS/OG rank in the ALSEs, as_ expected, 


increases more rapidly than does the average 
LS/OG rank for the forest (Compare alternatives 5 
or 8 in Tables 3 and 4). 

The distribution among LS/OG ranks is 
especially valuable in indexing how severe wildfire 
and activities affect the production of high, 
medium, and low ranks (Tables 3a, 3b). Without 
active management, much more acreage of low 
LS/OG ranks is created over time (ranks 0,1) with 
forest conditions created to potentially increase 
this even more in later periods. With active 
management, it is sometimes more difficult to 
create high LS/OG rank. 

A number of factors limit the amount of 
increase in rank that can be achieved over the 
planning horizon. First, the 50 years studied here is 
a relatively short time for processes to occur that 
are needed to create late-successional forest 
complexity. Second, wildfires occur and, 
depending on the condition of the stand, can 
reduce stands several ranks. Even with the 
emphasis on late-successional forests in many of 
the alternatives, a distribution of forest among the 
lower ranks persists as would be expected in the 
forests of the Sierra Nevada. Third, application of 
prescribed fire, with the objective of reducing the 
likelihood of severe fire through reintroducing 
historical processes, can kill some large trees and 
can set back rank. Fourth, some of the alternatives 
have a matrix LS/OG goal that allows a decrease 
in rank for some LS/OG polygons. 

Within each LS/OG polygon, average LS/OG 
rank in a period is calculated as the weighted 
average (based on area) of all strata within the 
polygons including forest, brush, and barren. As 
previously discussed, the simulations start with 
fewer high-ranked LS/OG polygons (rank 4/5) 
than came out of the mapping by experts. Over 
time, as the structural complexity of the strata 
increases, the LS/OG polygons increase in rank 
(Compare periods 1 and 5 in Figure 1). 

Pine and mixed conifer forests are the major 
forest types in the montane mixed conifer polygons 
on the Eldorado National Forest along with brush 
and barren. Looking at LS/OG rank over time for 
these polygons (Table 5a), we see similar trends as 
those obtained for the pine and mixed conifer 
strata. The montane mixed conifer polygons (Table 
5a) show proportionately less acreage in the high 
ranks than do the pine and mixed conifer strata 
(Table 3a) because brush and barren are averaged 
into the polygon ranks. 

As mentioned above, 50 years is a relatively 
short time over which to measure progress in 
development of late-successional forests. We 
would expect the pine and mixed conifer forests to 
continue to rebuild their late-successional 
complexity under most alternatives well beyond the 
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50 years examined here (see example in Cousar, et 
al. 1996). 


Reducing the Potential for Severe Fire 


We measure potential for severe fire through the 
proportion of the basal area in a stand in any 
period that would be killed if the stand burned 
under severe weather. We consider severe fire to 
occur if more than 60% of the stand basal area 
would be killed by fire under these conditions. 

Both national forests start with a considerable 
proportion of the pine and mixed conifer types 
having the potential for severe fire (see column 1 in 
Tables 6 or 7), including much of the 4 and 5 rank 
patches. This trend continues in Alternative 1 
(undisturbed growth) through period 3 (Table 6) 
and period 5 (Table 7 and Figure 2a). By period 5, 
almost all of the pine and mixed conifer forests 
(Table 6) and almost all of the rank 4 and 5 
patches within these forests have the potential for 
severe fire (Table 8). 

All other alternatives greatly reduce the 
proportion of the pine and mixed conifer forest, 
and of late-successional forest within it, that are 
prone to severe fire over time (Tables 6, 7, 8). A 
typical decline in fire severity for these alternatives 
is shown by alternative 8 (Figure 2b). 

We infer from the simulations that a wide 
variety of combinations of prescribed fire and 
timber harvest would reverse the trend toward high 
severity fire in the pine and mixed conifer forests of 
the Sierra Nevada. The results also suggest that a 
combination of prescribed fire and timber harvest 
will reduce the likelihood of severe fire more 
rapidly than prescribed fire alone. 

Alternatives 6-10 call for building DFPZs in the 
first two periods. According to our simulations, 
the DFPZs reduce the extent of fire by up to 1/3 
over fifty years. They do not, however, reduce the 
severity of the fires on the acres that do burn 
except within the DFPZs themselves. Thus they 
provide a useful first step in the first few decades 
until fuel treatments can reduce the extent of area 
susceptible to severe fires. 

DFPZs have two effects on rebuilding late- 
successional forests that work in opposite 
directions. Where they are built, they often reduce 
rank because they can create stands too open- 
grown to qualify for the higher LS/OG ranks. On 
the other hand, they reduce the amount of wildfire 
and thus, potentially, they limit the amount of late- 
successional forest that burns severely enough to 
reduce its rank. 

As they are built in the first decade, they 
provide significant volume and revenue. Some of 
the heaviest harvests under any prescription are 


done in DFPZs to bring the stands within them to 
less than 30% canopy closure. 


Fires during the Simulation Period 


The amount and location of fire varies over the five 
periods. The effects of the alternatives on the 
potential for severe fire in the pine and mixed 
conifer forest reported above are substantiated by 
the simulated wildfires projected to occur during 
the projection period. In terms of the distribution 
of wildfire acres among fire severity classes, 
Alternative 1 has an increasing proportion of 
severely burned acres over time. By period three or 
four, all other alternatives endure a relatively low 
proportion of severe burns. 


Limiting Watershed Disturbance 


Watershed disturbance associated with timber 
harvest could significantly affect the role of timber 
harvest in meeting the goals of the analysis. As 
discussed above, specified disturbance limits, in 
terms of maximum periodic ERA level permitted, 
are placed on each of the three riparian influence 
zones. We utilized two different levels of 
permitted disturbance in the analysis. One 
approximates the average threshold of concern on 
the Eldorado National Forest while recognizing the 
need for relatively tighter limits near the stream. 
The other places a limit only on the riparian 
influence zone closest to the stream. Comparing 
the timber harvest levels for alternatives 7 and 8 on 
the Eldorado (Table 9a), we see that, depending on 
which level was used, timber harvest could be 
affected by almost 50%. 

The relationship between limits on watershed 
disturbance and timber harvest derive from the 
assumed relationships in the ERA model that we 
employed (Menning, et al. 1996) which in turn were 
derived from expert opinion and the modest 
amount of data that is available. A number of 
assumptions that we made in our ERA analysis 
had a significant effect on the timber harvest 
possible under the more restrictive set of ERA 
limits:. 1) We assumed that the federal forests 
would react to actions on private lands within the 
watershed (here LS/OG polygon) by limiting their 
actions so as not to violate watershed limits. Given 
the ERA levels we assumed on private land, 
relatively little federal action that contributes ERA 
coefficients, such as_ timber harvest, could occur 
under the more restrictive ERA limits when private 
lands occupy a majority of the watershed. 2) The 
background ERA levels we assumed for most of the 
federal forest limited activity in all riparian 
influence zones. 3) We did not react to reaching 
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ERA limits by shifting to very low impact methods 
for harvest and site preparation. 

It should be noted that the national forests do 
not necessarily stop activities when they are 
estimated to contribute to ERA levels for 
watersheds that might violate their thresholds. 
Such a finding usually triggers a more detailed 
analysis and, perhaps, a revision of the project in 
question. Still, we thought that setting ERA limits 
in some alternatives would help in understanding 
their potential effect. 


Providing Sustainable Timber Harvests 


The “green” timber harvest level for the next fifty 
years varies among the alternatives from 0-113 
million board feet per year on the Eldorado 
National Forest and 0-200 million board feet per 
year on the Plumas National Forest. In addition, 
fire salvage could be obtained under some 
alternatives. 

Timber harvest, in most alternatives in which it 
is allowed, would be concentrated in the smaller 
diameter classes, at least for the next few decades. 
This is especially true in those alternatives in which 
LS/OG rank 4 is sought, such as alternatives 3 or 4 
or the ALSE portions of alternatives 6-9. In 
alternatives that have the goal of a LS/OG rank 
three in the matrix, however, considerable harvest 
of larger trees (trees over 30") could occur if this 
harvest does not interfere with achieving LS/OG 
goals. 

DFPZs are built in the first period in 
alternatives 6-10. In these linear 1/4 mile areas, 
canopy closure is reduced to 30%, and, in the 
process, many small trees and some large trees 
could be removed. 

Timber harvest consumes only a_ small 
proportion of overall growth under most 
alternatives with much of the remainder going 
toward rebuilding late-successional forests. Also, a 
significant amount is consumed by prescribed fire 
and wildfire. Once the forests are rebuilt, over the 
next 50-150 years, we would expect that the timber 
harvest level consistent with maintaining late- 
successional structures could increase. 

Three major factors determine the timber 
harvest level: 1) the area of land over which timber 
harvest is permitted, 2) the LS/OG rank sought, 
and 3) the watershed disturbance permitted. In our 
analysis, limits on watershed disturbance outside 
of the near-stream zone (Community/Energy Zone) 
can have an especially significant influence on 
timber harvest as discussed above. Finding and 
applying low-impact harvesting techniques appears 
to be one key to greater timber harvests from the 
two national forests we studied. 


Reintroducing Historical Ecosystem Processes 
into Pine and Mixed Conifer Forests 


“Historical ecosystem processes” typically refers to 
the disturbance regimes which were characteristic 
of these forests prior to western settlement and the 
ecological consequences of those disturbances. The 
most important of these disturbance processes is 
believed to have been fire of light to moderate 
intensity, but high-intensity fire, windthrow, and 
insects and diseases were also factors affecting 
forest composition and processes. Such 
disturbances also displayed a very high level of 
spatial heterogeneity--i.e., they were extremely 


nonuniform in their impacts on _ forests--and 
occurred at variable time intervals. 
Both types of activities included in the 


simulations--timber harvest and prescribed fire-- 
reintroduce some of the effects of historical 
disturbance regimes. Both activities also display 
significant differences from historical processes, 
however. 


The Role of Timber Harvest 


Under many alternatives, much of the timber 
harvest has the goal of removing smaller-diameter 
trees and reducing overall stand density, effects 
comparable to those of low- to moderate-intensity 
fire. This harvest can also assist in development of 
late-successional forest structural complexity, such 
as by speeding the development of large-diameter 
trees or favoring regeneration and development of 
shade-intolerant tree species such as pines. 

The effects of timber harvest, though, can offer 
significant contrast to those of fire and/or other 
historical disturbance processes. With many 
logging methods, there can be significant mechanical 
disturbance to soil and litter layers, compaction, 
and damage to the bole and root systems of the 
residual stand. We assume in this analysis that 
low-impact tractor or cable logging will be used, but 
the possibility of disturbance and damage still 
exists. 

In logging, unlike fire, organic material (stems 
and, perhaps, branches) are removed from the site 
with some loss of nutrients. Unless burning follows 
harvest, ash seed beds characteristic of burned 
sites are not created. In this analysis, we assumed 
that fuels created by logging (activity fuels) would 
be burned after logging; otherwise, commercial 
timber harvest could significantly increase fire 
hazard. 

As a final contrast, silvicultural treatments are 
often applied more uniformly than occur though 
historical disturbance processes. 
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The Role of Prescribed Fire 


Prescribed fire is obviously an extremely important 
technique for reintroducing the important historical 
processes of fire disturbance to the pine and mixed 
conifer forest types in which low- to moderate- 
intensity fire played an important role. It is 
possible to simulate many of the biological effects, 
such as in preferential removal of smaller-diameter 
and shade-tolerant trees, as well as to approximate 
the frequency and intensity that were characteristic 
of historical disturbance regimes. 

Effects of prescribed fire can differ significantly 
from natural wildfires, however. Natural wildfires 
would have occurred under a much wider range of 
conditions than the narrowly defined conditions of 
current prescribed fires. Most prescribed fire, on 
the other hand, is carried out during cooler, moister 
periods, such as during the spring or fall. The level 
of comparability in ecological effects of hot season 
burns vs. cool season burns has not been 
documented for the Sierra Nevada. A reasonable 
inference, though, is that significant differences 
exist in their effects on biota and ecosystem 
processes, such as nutrient cycling. 

Our modeling of prescribed fire has utilized the 
simplistic approach of a constant rate of 
prescribed fire within a forest type. We realize that 
a more sophisticated approach might vary the fire 
return interval with slope, aspect, and _ other 
variables, in addition to forest type. Also, a more 
sophisticated approach might vary the return 
interval at each site. Nonetheless, we believe that 
the approach applied here provides useful insights 
for initial development of forest policies. 


Overall Levels of Activity and Investment 


A substantial amount of prescribed fire is assumed 
in all alternatives except for Alternative 1 (Table 
10) with the annual rate in pine and mixed conifer 
forests for the first decade being 18-32 thousand 
acres on the Eldorado and 33-59 thousand acres on 
the Plumas National Forest. 

It is difficult to precisely estimate the acres that 
would be needed to be burned under each 
alternative without site specific examination. Still 
it appears that these amounts of prescribed fire are 
considerably above current and planned levels. 
According to Husari and McKelvey (1996), recent 
experience and planned levels for the two national 
forests are (almost all in the pine and mixed conifer 
forests): 


Planned future 
acres to burn per 
year 


Acres burned 
1993 1994 


4267 
5099 


3225 
4443 


Eldorado 
NF 


Plumas NF 


If even 75% of the acres estimated in the 
alternatives would need prescribed fire to achieve 
the objectives of the alternative, a doubling or 
tripling of prescribed fire over planned programs 
would be needed. 

At $75-200/acre, a sizable annual investment 
would be required. It can be argued, though, that 
these costs should decline considerably over time 
(C. Skinner, 1996, personal communication). As 
fuels are treated and DFPZs are constructed, costs 
should decline because the risk of escape and 
necessary manpower will decline while the amount 
of area that could be treated by each project will 
likely increase. Also, as managers become more 
experienced with prescribed fire, and develop more 
confidence in prescriptions, costs should decline. 

We measured overall timber harvest activity in 
terms of the number of times a stand was entered 
for harvest over 50 years (Tables 11a, 11b). We 
focused here, as elsewhere, on pine and mixed 
conifer forests. Depending on the alternative, 0-68 
percent of these forests would be entered at least 
once on the Eldorado National Forest and 0-61 
percent of these forests would be entered at least 
once on the Plumas National Forest. The forests 
that would be harvested were entered up to three 
times with two entries being the most common in 
most alternatives. 


Variable Effects of Wildfire 


The results reported so far have been based on one 
set of wildfires through time as discussed above. 
To assess how representative these fires would be, 
and to understand the variability in wildfires that 
might occur, we did ten simulations of wildfire on 
the Eldorado National Forest for a subset of 
alternatives. Each of these simulations reflects a 
different weather stream and selection of fire size 
and area of occurrence based on the probabilistic 
fire simulator. 

The distribution of forest among __late- 
successional ranks under the 10 simulations are 
reported in Table 12. The set of wildfires used for 
the results reported in Tables 3-11 create late- 
successional conditions that closely approximate 
the averages shown in Table 12 suggesting that the 
results in Tables 3-11 give an “average” result. 
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In terms of the range of fire effects on LS/OG 
rank, we found the highest variability in the lowest 
and highest ranks. Generally, the higher the level of 
severe fire that occurs, the greater the acreage in the 
lowest rank (0) and the lessor the acreage in the 
highest ranks (4/5). By and large, the middle ranks 
(2,3) showed considerable stability within an 
alternative across the different fire streams. 

In terms of severe fire, alternatives 2-10 were 
most susceptible in the early periods before the 
effect of treatments took hold. Alternative 1, on 
the other hand, was susceptible to severe fire in all 
periods. 

Using 10 wildfire simulations for one 
alternative on the two Forests enabled us to 
develop a map showing probability of wildfire 
under extreme weather conditions during a fifty 
year period (Figure 3) (Note: this map includes the 
wildfires for all five periods). Looking in detail at 
the pine and mixed conifer forests of the Eldorado 
National Forest, these simulations suggest that over 
2/3 of these forests have at least a 10% chance of 
fire under extreme weather conditions in the next 
fifty years and almost 20% of them have at least a 
40% chance without DFPZs (Table 13). Adding 
DFPZs to the simulations reduces the overall 
probability that these forests burn. 


Effect of DFPZs 


These fire simulations help to portray the influence 
of DFPZs on limiting the spread of fire. We 
simulated the extent of fire without DFPZs and 
with them (Table 14). 

Total acreage burned over the 10 simulations 
was reduced by 26% on the Eldorado National 
Forest. This percentage varies from simulation to 
simulation depending on where the fire started 
relative to the location of the nearest DFPZs that it 
would encounter. In our analysis, the effect of 
DFPZs on acres burned varied from 8 to 49%. 

In addition, we can judge the effectiveness of 
DFPZs in terms of how they change the likelihood 
of a LS/OG polygon being burned by wildfire over 
the fifty years (Table 13). 


Achieving Ecosystem Goals With Little or 
No Prescribed Fire 


Given the possibility that relatively little prescribed 
fire might occur, we reexamined some alternatives 
(alternatives 5-8) on the Eldorado National Forest. 
We allowed prescribed fire only when needed to 
maintain DFPZs assuming that such a focused 
strategy would have a high chance of being funded. 
This resulted in an average annual level of 
prescribed fire which varied from 0 in alternatives 


lacking DFPZs (alternative 5) to about 2000 acres 
per year in alternatives that include them 
(alternatives 6-8). In these latter alternatives, 
relatively few acres of prescribed fire would be 
needed until the second decade. 

Without the fuel treatments across the 
landscape provided by prescribed fire, the 
likelihood of severe fire can be reduced in two 
ways. Timber harvest with slash treatment can 
reduce wildfire severity and DFPZs can reduce the 
extent of wildfire. Our analysis of the effects of 
prescribed fire, and the ability of timber harvest to 
compensate for its loss, is summarized in Table 15 
for the pine and mixed conifer forests of the 
Eldorado National Forest. 

Average LS/OG rank is higher in period five 
without the general use of prescribed fire than with 
it. Prescribed fire was applied in the original 
analysis at a set interval; it often retards rank 
development under our assumptions because some 
large trees were killed. A higher proportion of pine 
and mixed conifer forests are in the lowest rank 
(rank 0) and the high ranks ( ranks 4, 5) without 
the general use of prescribed fire than with it. More 
severe fire causes the increase in low ranks; 
mortality in large trees caused by prescribed fire is 
absent which allows the increase in high ranks. 

The proportion of the stand with the potential 
for severe fire is much higher without prescribed fire 
than with it. As timber harvest is allowed to play 
a larger part in forest management (moving from 
alternative 5 to 8) when prescribed fire is not 
generally available, the proportion of the forest 
subject to severe fire decreases as expected but still 
stays considerably above the case when prescribed 
fire is available. 

Looking at rank 4 and 5 mixed conifer forests in 
the fifth period, we see that the total extent of 
these forests is higher without the general use of 
prescribed fire, but that the proportion with the 
potential for severe fire is much greater. Allowing 
extensive use of timber harvest through release of 
the watershed disturbance limits (alternative 8), 
when prescribed fire is not generally available, 
halves this potential but it still remains 
considerably above the situation when prescribed 
fire is generally available. 

Unlike prescribed fire which was applied at set 
intervals in the original analysis, timber harvest is 
allowed only when it is consistent with the LS/OG 
rank goals. Also, commercial harvests do not 
remove very small stems. Thus, timber harvest is 
not necessarily a perfect replacement for prescribed 
fire in reducing the potential for severe fire. 
Pushing harder on “biomassing” might further 
reduce the potential for severe fire, but at the cost 
of more watershed disturbance and the need for 
more investment. 
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Timber harvest increases somewhat with the 
removal of prescribed fire as a widespread tool. Its 
greatest increase occurs when limits on watershed 
disturbance have been removed. 

Without general availability of prescribed fire, 
and the associated higher amount of acres subject 
to severe fire, the importance of DFPZs 
correspondingly increases as a way to reduce the 
extent of severe fire. 

In our analysis, it would be difficult to 
reintroduce historical ecosystem processes fully 
without the use of prescribed fire. As discussed 
above, timber harvest, when it can occur, provides 
some but not all of the functions that were 
historically provided by prescribed fire. 


The Role of Nonfederal Lands 


This analysis has focused on federal forests of the 
Sierra Nevada. Almost one third of the SNEP 
study area, though, is nonfederal (mostly private) 
land. Nonfederal lands are often intermingled with 
federal lands and form their outer boundary 
(Figures 1-3). 

We have discussed a number of alternatives for 
maintaining the health and sustainability of Sierra 
Nevada ecosystems (Table 1). Nonfederal 
intermingled and adjacent lands are especially 
important to the success of these strategies: 


1) DFPZs are employed in some strategies. They 
inescapably cross intermingled and adjacent 
nonfederal land in many places and we have 
assumed they will be built on non-federal lands 
in strategies that employ DFPZs. If DFPZs are 
not completed in nonfederal lands, much of 
their effectiveness would be lost. 

2) Late successional goals for federal forests are 
employed in most strategies. We have made no 
special assumptions about management of the 
intermingled and adjacent nonfederal forests 
relative to late-successional characteristics, but 
management of these lands can influence the 
effectiveness of a LS/OG strategy for federal 
forests. This may be especially true in the 
ALSEs. 

3) Limits on watershed disturbance are employed 
in most strategies. They inescapably include 
the nonfederal land within the areas on which 
limits are applied. We have recognized this 
feature in carrying nonfederal land, mostly 
private land, through the analysis for the 
purpose of reflecting an assumed contribution 
to watershed disturbance. In addition, we have 
assumed that private activity takes precedence 
over federal activity, in that we allow timber 
harvest to occur on federal land in an area only 


if assumed private activities have not exceeded 
the limit on watershed disturbance. Thus, the 
level and type of activity on private land can 
have a controlling effect on federal activity in 
adjacent areas. 

4) Expected population growth in the Sierra 
Nevada (Duane 1996) on adjacent and 
intermingled nonfederal land could increase the 
ignition probabilities for the federal forests and 
the size and frequency of large fires beyond 
those assumed here. 


To deal with these and other issues, a number 
of approaches could be _ taken _ including 
collaborative planning, regulation, and monetary 
and nonmonetary incentives (Sierra Nevada 
Ecosystem Project 1996b). Our purpose here is to 
point out that, in addressing the issues of health 
and sustainability of Sierra Nevada ecosystems, 
the federal forests cannot be treated as islands 
isolated from the rest of the Sierra Nevada 
landscape. The management of intermingled and 
adjacent nonfederal lands will have a large impact 
on achievement of ecosystem goals for federal 
lands. 


Cautions in Interpretation 
Potential Over-Reliance on Prescribed Fire 


Our results suggest that prescribed fire can be used 
for landscape-level fuel reduction while 
simultaneously restoring fire as an ecosystem 
process, helping to rebuilding late-successional 
forests, and allowing watersheds to recover. A 
variety of practical and political considerations, 
though, suggest caution in reliance on prescribed 
fire as the only solution including difficulty in 
obtaining adequate funding and personnel, air 
quality restrictions, and the danger of the 
occasional escaped fire (see McKelvey, et al. (1996) 
for more discussion). Major increases in 
prescribed fire in the Sierra Nevada would call for 
patience and understanding by the people who 
own property there and the millions of tourists who 
have grown accustomed to the spectacular vistas 
provided by this mountain range. 

Initially, prescribed fire in many instances will 
be applied to stands that have experienced a build 
up in fuels. The difficulty of successful 
application, i.e. avoiding the killing of the 
overstory trees that the treatment is intended to 
help protect, should not be overlooked. Also, the 
difficulty of successful application without fuel 
breaks should not be overlooked. Fuel breaks and 
mechanical treatment, including timber harvest, 
may be needed in these initial entries to reduce the 


192 


ADDENDUM 


probability of damage to mature trees and of 
escape. While our analysis assumes that some 
large trees will be killed by prescribed fire, it is 
impossible to capture the dynamics of each 
particular site in a broad analysis such as this one. 


Potential Over-Reliance on Timber Harvest 


Caution is also suggested in reliance solely on 
timber harvest to substitute for prescribed fire as 
timber harvest does not serve all the functions of 
fire in the ecosystem. As stated in the SNEP 
summary (Sierra Nevada Ecosystem Project 1996a, 
p. 5): “Although silvicultural treatments can mimic 
the effects of fire on structural patterns of woody 
vegetation, virtually no data exist on the ability to 
mimic ecological functions of natural fire. 
Silvicultural treatments can create patterns of 
woody vegetation that appear similar to those that 
fire would create, but the consequences for nutrient 
cycling, hydrology, seed scarification, nonwoody 
vegetation response, plant diversity, disease, and 
insect infestation, and genetic diversity are mostly 
unknown.” 

Also, timber harvest can cause negative impacts 
of its own. Watershed impacts, as measured by 
ERA, limit the use of timber harvest in some of our 
alternatives. 


Potential Overestimates of Forest Growth 


The simulations suggest that forest inventories will 
increase under all the alternatives. Some caution 
should be used in putting too much credence in 
these results as we may have not accurately 
modeled periodic mortality from insects, especially 
in the larger trees. Forest growth models, such as 
the PROGNOSIS model used here, have 
traditionally had _ difficulty in realistically 
portraying stand mortality, especially the episodic 
mortality associated with fire and insects. We feel 
that the SAFE FOREST model makes progress in 
adjusting forest growth for wildfire. Questions can 
still be raised, though, about how realistically we 
portray periodic insect outbreaks that have 
historically occurred in the Sierra Nevada (Ferrell 
1996). Caution should be used in interpreting our 
projections of forest growth, especially in how 
many large trees might be surplus to other goals in 
the future and available for harvest. 


The Need for Site-specific Prescriptions 


We have used a set of generic prescriptions based 
on the goals of the analysis and general landscape 
condition. We find these adequate for our 
modeling exercise, but realize that more site- 


specific prescriptions will be needed in actual land 
management. 

The options described here, in attempting to 
address the problems named at the start of this 
section, emphasize the specification of land, 
stream, and watershed management goals, and 
strategies to meet these goals. The detailed land 
allocations, prescriptions, and constraints 
developed in each option are intended to illustrate 
the ways in which these objectives and strategies 
could play out on the landscape. They are not 
intended to preempt the development of detailed 
allocations and prescriptions that would occur in 
the field. 


The Difficulty of Actively Managing Near 
Streams 


It is unclear how much active management in terms 

of prescribed fire or timber harvest can occur near 
streams and _ still meet objectives of limiting 
watershed disturbance. Yet, the build up of fuels 
near streams can be troublesome. Here, perhaps 
more than any other part of the landscape, it is 
hard to portray accurately the implications of the 
different alternatives. 


The Need for More Analysis to Draw Firm 
Conclusions 


A relatively small number of simulations were 
employed in developing these results. |More 
analysis is needed, especially an analysis of the 
variability of wildfire and its effects and a testing 
of the conclusions drawn here on other national 
forests of the Sierra Nevada. 
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Table 1. Description of some forest management alternatives for the Eldorado National Forest and Plumas National 
Forest. 


Alternatives 
9 10 


Goals 
Attain LS/OG Rank 


ALSE 

Matrix 

Limit watershed disturb. 
Risk of severe fire 
reduce 

minimize 

Timber harvest 
Even-flow 

Max. amount (matrix) 


Permitted mgt. practices 
ALSE 


Prescribed fire 
DFPZs (Fuel breaks) 
Comm. timb. harvest 
Biomassing (required)* 
Wildfire salvage 
Matrix 
Prescribed fire 
DFPZs (Fuel breaks) 
Comm. timb. harvest 
All matrix avail 
Outside RR 
Biomassing (avail.)* 
Biomassing (required)* 
Wildfire salvage 


Note: Watershed disturbance limits: 1 = .05/.10/.15; 2 =.10/.99/.99. RR=roadlessreaches. The code for each alterative has three 
poe 1) the number of the alternative, 2) the presence (b) or absence (a) of a fuel break and 3) the watershed disturbance limit. The 

S/OG goal of a “4" refers to an ALSE 4 and the LS/OG goal of a “3" refers to a matrix 3. The riparian influence zone called the 
Community /Energy Zone receives a LS/OG rank goal of an ALSE 4 in all alternatives. The riparian influence zone called the Land 
Use Influence Zone receives the LS/OG goal stated in the Table unless that goal drops below a 3; then, it receives an LS/OG goal of a 3. 
* on slopes less than 40% 
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Table 2. Measures of goal attainment 


Goal 


Rebuild late-successional forests 


Restore streams and watersheds 


Reduce the potential for severe fire 


Produce a sustainable supply of 
timber in a cost-effective manner 


Restoring historical processes 


Measures of goal attainment 


Average rank; 
distribution of forest 
among LS/OG ranks 


ERA level in three 
riparian influence zones; 
LS/OG rank in riparian 
influence zones 


Distribution of forest severity fire 
among severity classes; 
distribution of forest 

that burns among severity 
classes 


Timber harvest level; 
distribution of harvest 
among diameter classes; 
net revenue 


Reintroduction of frequent, 
low-moderate intensity 
fire; use of timber harvest 
methods that simulate low- 
moderate intensity fire 


198 
ADDENDUM 


Table 3a. Distribution of pine and mixed conifer forest among LS/OG ranks (excluding brush) on the Eldorado 
National Forest in period | and by alternative in period 5. 


Alternatives 
4 5 


(% of acres in period 5) 


Table 3b. Distribution of pine and mixed conifer forest among LS/OG ranks (excluding brush) on the Plumas 
National Forest in period 1 and by alternative in period 5. 


Alternatives 
LS/OG Per 1 3* 4 5 
rank % 


(% of acres in period 5) 


* Not available. 
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Table 4a. Distribution of pine and mixed conifer forest among LS/OG ranks (excludes brush) on the Eldorado 
National Forest (ALSE only) in period 1 and by alternative in period 5. 


Alternatives 


5 6* 71 


(% of acres in period 5) 


Table 4b. Distribution of pine and mixed conifer forest among LS/OG ranks (excludes brush) on the Plumas 
National Forest. (ALSE only) in period | and by alternative in period 5. 
Alternatives 


Rank Per 1 
% 


(% of acres in period 5) 


* Not available. 
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Table 5a. Acreage-weighted distribution of “montane mixed conifer” polygons among 
LS/OG ranks in the first period and by alternative in period five on the Eldorado National 
Forest. 


Alternatives 
4 5) 6 7 
% in period five 


All montane mixed conifer polygons 


0,1 11 9 1 
56 23 13 
33 44 72 
24 13 


Ave 2.16 2.78 2.95 

Rank 

Non-ALSE polygons only 
1 


0,1 15 , 
61 23 15 
24 49 bE 
18 8 


Ave 2.01 2.70 2.91 
Rank 
ALSE polygons only 


0,1 8 2 
AT 22 
53 30 61 
39 


Ave 2.6 2.95 
Rank 
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Initial results from Simulation of Alternative Forest Management Strategies for Two National Forests of the Sierra Nevada 


Table 6a. Distribution of pine and mixed conifer forest among basal area severity classes on the Eldorado National 
Forest in period | and by alternative in period 3. The severity classes estimate the percentage of basal area which 
would be killed if a fire occurred. 


Alternatives 
%bhasal , 4 5 6 
area 


(% of acres in neriod 3) 


Table 6b. Distribution of pine and mixed conifer forest among basal area severity classes on the Plumas National 
Forest in period | and by alternative in period 3. The severity classes estimate the percentage of basal area which 
would be killed if a fire occurred. 


Alternatives 
3* 4 5 


(% of acres in period 3) 


* Not available. 
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Table 7a. Distribution of pine and mixed conifer forest among basal area severity classes on the Eldorado 
National Forest in period | and by alternative in period 5. The severity classes estimate the percentage of basal 
area which would be killed if a fire occurred. 


Alternatives 
%basal 5 


(% of acres in period 5) 


80s 81 78 74 
15 16 18 21 


Table 7b. Distribution of pine and mixed conifer forest among basal area severity classes on the Plumas National 
Forest in period 1 and by alternative in period 5. The severity classes estimate the percentage of basal area which 
would be killed if a fire occurred. 


Alternatives 
%basal 5 6* 
area 


(% of acres in period 5) 


* Not available. 
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Initial results from Simulation of Alternative Forest Management Strategies for Two National Forests of the Sierra Nevada 


Table 8a. Distribution of mixed conifer LS/OG rank 4 and 5 among basal area severity classes on the Eldorado 
National Forest in period | and by alternative in period 5. The severity classes estimate the percentage of basal 
area which would be killed if a fire occurred. 


Alternatives 
%hasal Per 1 
area % 


(% of acres in neriod 5) 


Table 8b. Distribution of eastside mixed conifer LS/OG rank 4 and 5 among basal area severity classes on the 
Plumas National Forest in period 1 and by alternative in period 5. The severity classes estimate the percentage of 
basal area which would be killed if a fire occurred. 


Alternatives 
%basal Per | 
area % 


* Not available. 
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Table 9a. Average green timber harvest over five decades on the Eldorado National Forest. 


Alternatives 


(Millions of board feet/year) 


14 43 43 44 


* ALSEs not recognized 


Table 9b. Average total green timber harvest over five decades on the Plumas National Forest. 


Alternatives 


(Millions of board feet/year) 


52 75 


* Not available. 
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Initial results from Simulation of Alternative Forest Management Strategies for Two National Forests of the Sierra Nevada 


Table 10a. Acres burned with prescribed fire in pine and mixed conifer forests of the Eldorado National Forest. 


Alternatives 


(Thousands of acres/year) 
1st Decade 30 30 28 27 


Ave. For 27 27 27 26 
5 decades 


Table 10b. Acres burned with prescribed fire in pine and mixed conifer forests of the Plumas National Forest. 


Alternatives 


(Thousands of acres/year) 


1st Decade 45 


Ave. For 42 
5 decades 


* Not available. 
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Table lla. Percent of acres entered different number of times for harvest over 5 decades in pine and mixed conifer 
forests of the Eldorado National Forest. 


Alternatives 
Number of times 


entered for timber 


harvest over 5 decades 


O times 


1 times 


2 times 


3 times 


Table 11b. Percent of acres entered different number of times for harvest over five decades in pine 
and mixed conifer forests of the Plumas National Forest. 


Alternatives 
Number of times 
entered for timber 
harvest over 5 decades 
0 times 
1 times 


2 times 


3 times 


* Not available. 
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Initial results from Simulation of Alternative Forest Management Strategies for Two National Forests of the Sierra Nevada 


Table 12. Percentage distribution of pine and mixed conifer forests among LS/OG ranks and 
average LS/OG rank in 10 wildfire simulations on the Eldorado National Forest. 


Alternatives 


3.08-3.29 . 3.05-3.26 : 2.95-3.13 : 2.89-3.00 
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Table 13. Occurrence of wildfire under extreme weather conditions in the montane mixed conifer LS/OG 
polygons over fifty years based on 10 wildfire simulations with and without DFPZs (fuel 
breaks) on the Eldorado National Forest. 


Occurrence of wildfire (percent of area) 


Number of Without With 
fuel breaks fuel breaks 


28 32 
a2 56 
12 

i) 

2 
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Initial results from Simulation of Alternative Forest Management Strategies for Two National Forests of the Sierra Nevada 


Table 14. Total acres burned in 10 wildfire simulations with and without DFPZs (fuel breaks) 
on the Eldorado National Forest. 


Without With % diff 
fuel breaks fuel breaks 


Ave. Wildfire/decade (Thousands of acres) 


Simulation # 


17.6 
30.0 
20.0 
10.0 
23.4 
18.5 
18.8 
Oe) 
23.2 
27.2 


21.2 
10.0-30.0 
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Table 15. Effects of the general use of prescribed fire as a management tool in pine and mixed conifer forests in 
selected alternatives (all comparisons use period 5) (1 = with prescribed fire and 2 = without prescribed fire; MC = 
pine and mixed conifer). 


Alternatives 


Criteria 
LS/OG ranks 
Ave. Rank 


% in lo rank (0) 
% in hi rank (4/5) 


% im high severity class 


Entire MC forest 
Of MC LS/OG rank 4+ 


Acres in MC LS/OG 4+ 


% acres not entered 
for harvest 


INITIAL RESULTS FROM SIMULATION OF ALTERNATIVE FOREST MANAGEMENT STRATEGIES FOR TWO NATIONAL FORESTS OF THE SIERRA NEVADA 


First Decade Rank 


Kilometers 


ofr2345 6786 Ot 


————————— 


[++ | Rank 0 
os) Rank 1 
Rank 2 
[I Rank 3 
MW Rank 4 and5 
|__| Non-federal land 


Fifth Decade Rank 


Kilometers 
0123456789 10 


OSU Forest Resources 


Figure 1 


Eldorado National Forest: LS/OG polygon rank through time. LS/OG polygons ranked as to degree of LS/OG structural complexity 
and contribution to late successional forest function by evaluating each vegetation class within each polygon (rangewide structural 
standard for mixed conifer and ponderosa pine types and series-normalized structural standard for higher elevation types). 
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First Decade o 


Kilometers 


of23 45 6 7 6 8 10 
os 


Percent of basal area at risk 
Non-federal land 


< 20 
20 - 40 


|| 41-60 
Es > <0 


Third Decade ae 


T *; : 0 5 10 150 
——— i] 
Kilometers 
; 


of23 45 6 7 6 8 10 
a 


OSU Forest Resources 


Figure 2a 


Eldorado National Forest: Alternative One, fire severity potential. 


213 


INITIAL RESULTS FROM SIMULATION OF ALTERNATIVE FOREST MANAGEMENT STRATEGIES FOR TWO NATIONAL FORESTS OF THE SIERRA NEVADA 


Fifth Decade 


Percent of basal area at risk 


Non-federal land 
< 20 
20 - 40 


0 5 10 15 20 eel 41-60 
Kilometers | | > 60 


0123 45 67 8 9 10 
fi i} 


Miles OSU Forest Resources 


Figure 2a (cont.) 


Eldorado National Forest: Alternative 1, fire severity potential. 
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Figure 2b 


Eldorado National Forest: Alternative Eight, fire severity potential. 
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INITIAL RESULTS FROM SIMULATION OF ALTERNATIVE FOREST MANAGEMENT STRATEGIES FOR TWO NATIONAL FORESTS OF THE SIERRA NEVADA 
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Figure 2b (cont.) 


Eldorado National Forest: Alternative Eight, fire severity potential 
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Eldorado National Forest: number of times LS/OG polygons burned over ten simulations 
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Lake ‘Tahoe Case Study 


INTRODUCTION 


The Sierra Nevada Ecosystem Project (SNEP) selected the Lake 
Tahoe Basin as one of several areas deserving special study, 
as it believes that we have much to learn from the long-his- 
tory of human use and scientific study of the Basin’s resources. 
In addition, there is much policy and management insight to 
gain from studying the continuing evolution of its institutions. 
Appropriately, our study is written along a chronological 
backbone, from the past to the present and looking to the fu- 
ture of Lake Tahoe. It is important to realize that the SNEP 
study includes humans as a full-fledged element within the 
ecosystem, and as such we are interested in various human 
uses of the ecosystem, changing cultural attitudes and val- 
ues, and the evolution of human institutions. 

Our understanding of the Lake Tahoe Basin ecosystem is 
still evolving, and this report is only a partial description of 
what we have learned. There is a need to complete a more 
thorough analysis of the ecosystem’s historical record, which 
is “locked” in the sediments of Lake Tahoe, its tributaries, 
and its forest trees, in archives in written and graphic form, 
and in the beliefs and information handed down by our an- 
cestors. Nevertheless, if all extant information were to be 
brought together we would have a better, science-based un- 
derstanding of the history of the Lake Tahoe Basin ecosys- 


tem, especially for the last 150 years, than anywhere else in 
the Sierra Nevada. During the past thirty-five years, research 
has greatly enhanced our understanding of the relationships 
between the dynamics of watershed and atmospheric pro- 
cesses and water quality. Based on this research, science-based 
management has played a greater role in the Lake Tahoe Ba- 
sin than in any other Sierra Nevada locale. 

We also review some of the major legal and policy deci- 
sions that led to the current regulatory and resource situation 
at the Lake Tahoe Basin, and discuss what will be the “cost” 
to continue to restore damage to this ecosystem. Conserving 
a resource such as the Lake Tahoe Basin is very expensive, 
time-consuming, and complex because it is a highly disturbed 
and fragmented watershed due to a history of early 
clearcutting and recent rapid urbanization, and because of 
the pattern of mixed ownership of land. It has required pub- 
lic support, legislative, judicial, and/or regulatory agency ac- 
tion, the cooperation of all levels of government, the 
involvement of public and private landowners, the involve- 
ment of interest groups, an evolving set of regulatory mecha- 
nisms and actions, acquisition and restoration programs, and 
a high level of collaboration between all players to conserve 
this ecosystem. As the environment and our societal needs 
and values change, this process must be dynamic, flexible and 
sustainable. Thus, the history of the Lake Tahoe Basin serves 


Sierra Nevada Ecosystem Project: Final report to Congress, Addendum. Davis: University of California, Centers for Water and Wildland Resources, 1996. 
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as a valuable and expensive lesson in resource management 
within a highly sensitive watershed of extraordinary beauty 
and economic value. 

Lake Tahoe has long been recognized as a special place by 
the Washoe and earlier Native American peoples, by early 
settlers and explorers, by all levels of government, by conser- 
vation agencies and organizations, by the millions of people 
who visit the Basin every year, and in the economic and fiscal 
investments that both help draw people to the Basin and en- 
able its management. Today, Lake Tahoe’s topographically 
bound, watershed ecosystem is regulated on a regional basis 
under a bi-state compact between California and Nevada 
which created the Tahoe Regional Planning Agency (TRPA) 
and cooperatively involves various federal, state, and local 
agencies and non-profit organizations. As such, the Lake 
Tahoe Basin serves as an historic, evolutionary model with 
elements of ecosystem management for public and private 
lands, and affiliated land acquisition, institutional evolution, 
and consensus building processes. The “state” or what some 
might term “health” of the ecosystem is monitored through 
the regular measurement and analysis of many ecosystem 
components. No doubt, other ecosystem components could 
be monitored. Nevertheless, land management is evaluated 
through regular monitoring and reviewed every five years. 
Restoration activities, resource preservation, land acquisition 
programs, other capital improvements, and regional land-use 
planning are some of the means of achieving these thresh- 
olds!, and in the Lake Tahoe Basin this regional management 
is done through strict regional review of permits, ceilings on 
the number of permits issued, land coverage regulations, care- 
ful resource management, restoration projects, and a cautious 
eye towards the future in terms of evolving energy, transpor- 
tation, recreation, housing and other societal needs. 

In conducting our evaluation of the Lake Tahoe Basin’s 
ecosystem, we were guided by two questions that we hoped 
would both inform the other parts of SNEP and contribute to 
the long-term health of the Lake Tahoe Basin ecosystem: 


¢ What can SNEP learn from what has been done at Lake 
Tahoe in the ecological assessment, monitoring, consensus 
building, land-use management and regulation, land ac- 
quisition and restoration, and policy development arenas? 


¢ What can SNEP recommend as future needs and directions 
for the wise science-based assessment, policy formulation, 
and resource management of the Lake Tahoe Basin, to sus- 
tain and improve its ecological health into the future? 


While these questions focused on our examination of the Lake 
Tahoe Basin experience, this report does not contain explicit 
answers to the questions as stated here. Regarding the first 
question, the case study team informed other scientists about 
how the Lake Tahoe Basin experience could help the larger 
SNEP assessment. Regarding the second question, our rec- 
ommendations are very general and, for the most part, sup- 
port the process of cooperation, learning, planning and 
management that is now underway in the Basin. 


The case study team recognized the following premises up- 
front in our assessment: 


¢ The Lake Tahoe Basin is an important local, regional, state, 
national and international resource; it is one of the largest, 
deepest, and clearest mountain lakes in the world and is 
reknown for its scenic beauty; before the turn of the cen- 
tury, it was discussed as one of the first three potential na- 
tional parks (i.e., Yosemite, Lake Tahoe and Yellowstone); 
the major attraction is the large, deep and clear mountain 
basin lake and the scenic vistas it provides; 


¢ The deterioration of the Lake Tahoe Basin ecosystem is un- 
derstood to have begun with the influx of large numbers 
of early settlers ca. 1870, with near stand-replacement log- 
ging, alteration of stream courses and flows, resultant ero- 
sion, loss of native flora from grazing, elimination of native 
fisheries, modification of near-shore habitats, and urban- 
ization and recreational development; little is understood 
about the extent or effects of at least 8,000 years of Native 
American resource manipulation; 


¢ The Lake Tahoe Basin has a long history of human conflict, 
litigation, and policy response targeted at development ver- 
sus environmental preservation; this history has forced dis- 
cussion between groups with dissimilar interests and goals, 
resulting in various efforts to better manage the environ- 
ment built on productive compromise and cooperation; 


¢ Since the early 1980s, the Lake Tahoe Basin ecosystem has 
been managed using an integrated resource management 
philosophy, with key thresholds defined for a variety of 
ecosystem parameters, with these parameters monitored, 
regulated and reviewed; various on-the-ground compo- 
nents of this management process still need to be imple- 
mented; 


¢ The Lake Tahoe Basin ecosystem is still under threat (e.g., 
lake water continues to decrease in clarity, parts of the for- 
est cover are severely stressed by drought, infestation, and 
other factors, and air pollution continues to be a concern), 
the full range of human concerns for the biophysical and 
human systems are present here (e.g., community well- 
being, recreation, economic redevelopment, invasion of 
exotic organisms, wildfire risk, water quality deterioration); 


* Continued analysis and discussion are needed to define 
additional key scientific data needs and monitoring and 
restoration opportunities; key issues of concern include wa- 
tershed restoration, erosion, forest fuels reduction and veg- 
etation management, wildlife viability and habitat 
suitability, and urban-wildland interfere processes; some 
of these are addressed in other SNEP assessment reports; 


¢ The Lake Tahoe Basin ecosystem provides a window to the 
future of planning and management of other Sierra Ne- 
vada ecosystems in terms of multiple stress, participatory 
planning, financing, jurisdictional cooperation, and efficacy 
of efforts. 
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Lake Tahoe Case Study 


METHODS EMPLOYED IN THE CASE 
STUDY DEVELOPMENT 


The case study team followed the specific charge given to 
SNEP as outlined in our May, 1994 Sierra Nevada Ecosystem 
Project Progress Report, which set a framework for address- 
ing questions and conducting tasks within the project. All 
SNEP-wide tasks in ecosystem assessment and policy analy- 
sis were undertaken in the Lake Tahoe case study and struc- 
tured as follows: 


1. Assessment of current and historic ecosystem conditions and 
trends—Our science-based ecosystem assessment (bio- 
physical and human dimensions) is portrayed in the sec- 
tion titled “Ecosystem Assessment” of this report. We 
conducted an overview of existing data, as best as pos- 
sible, with limited time and funding, on the historical and 
current conditions of the ecosystem’s biophysical elements, 
as well as on changing human uses and needs (i.e., hu- 
man elements). The purpose was to portray where the 
Basin ecosystem has been and where it is likely going. We 
also inventoried and identified the locations of key data, 
including time-series monitoring data, historical photo- 
graphs, and geographic information system (GIS) layers, 
and collected and centralized as many of these data as 
possible in the SNEP GIS (ARC/Info, Unix-based). In the 
process of data compilation, we compiled a digital bibli- 
ography (using the bibliographic database program 
EndNote 2) of over 1,200 references. All of this digital in- 
formation is available through SNEP. The SNEP ARC/ 
Info GIS is available through (1) the Alexandria project at 


UC Santa Barbaral(http:/ /alexandria.sdc.ucsb.edu),(2) the 


UC Davis GIS Center on campus, and (3) the CERES of 


the California State Resources Agency (http:/ /ceres.ca.gov/ 


Select layers and database files are also available 
on the SNEP CD-ROM under compilation by Mike Diggles 
of the U.S. Geological Survey, Menlo Park. The bibtio-] 
the CD-ROM as well as available in hard copy, as a Word 
text file, or as an EndNote 2 bibliographic database file 


from Deborah Elliott-Fisk (lead author, e-mail 
dlelliottfisk@ucdavis.edu). 


Definition and discussion of management choices set within 
the framework of policies as defined by evolving institutions:— 
Our “Institutional Evolution” part of the case study ad- 
dresses this objective. Using an historical approach, we 
compiled information on and reviewed some land-use and 
resource management regulations and policy formulation 
for the Lake Tahoe Basin (e.g., policy assessment). We com- 
piled an overview of the salient points and decisions in 
the institutional history of Lake Tahoe Basin ecosystem 
management from legal and policy perspectives. We also 
reviewed the effectiveness of the current ecosystem moni- 
toring network and the TRPA thresholds. The case study 
team conducted a modest identification of additional 


monitoring and research needs (e.g., groundwater inputs, 
lake nutrient budget, air pollution sources, key wildlife 
inventories) as a basis for further improving science-based 
management. The purpose was to provide a framework 
for continued discussion rather than identify specific man- 
agement options. 


Synthesis—In our final section on the current institutional 

framework and future needs, we put our analyses in the 
broader context of SNEP through a discussion of what 
SNEP can learn from the institutional evolution of the Lake 
Tahoe Basin’s management, and how this information can 
be carried into SNEP’s policy analysis and discussion of 
new institutional approaches. Furthermore, we discuss 
the future science-based management needs of the Lake 
Tahoe Basin in reference to the long-term sustainability of 
the ecosystem. 


As this case study is an independent scientific assessment, 
we did our best to compile and review all published scien- 
tific data on the Lake Tahoe Basin ecosystems, to meet with 
various individuals and organizations to gain their perspec- 
tive, and to incorporate the range of opinions as best pos- 
sible. Although significant contributions of data were made 
by TRPA and other organizations and individuals, not all of 
these individuals are authors of this report. All authors of 
the report either wrote first drafts of various sections of this 
case study or provided key figures, tables and appendices, 
and provided key input and critical review of the case study. 
This is not to be interpreted as a consensus report of all Lake 
Tahoe residents, stakeholders, and organizations. 


ECOSYSTEM ASSESSMENT 


In the last fifty years, dozens of authors have written hun- 
dreds of books, papers, theses, and articles on Lake Tahoe 
and its ecosystem. It is appropriate at this point in the Lake 
Tahoe Basin’s history to ask ourselves what we know about 
the various ecosystem components and processes and their 
interactions, what we have witnessed and learned over the 
past 100 plus years following the major deforestation and 
natural reforestation of the Basin, and whether our percep- 
tion of key ecosystem parameters and threats and responses 
to them have changed over time. We discuss herein the ecol- 
ogy of the Lake Tahoe Basin from a historical, evolutionary 
perspective for both the biophysical and human elements of 
the ecosystem. 


Biophysical Elements 
The Physical Setting 


The Lake Tahoe Basin lies high in the Sierra Nevada, between 
elevations of 1,900-3,050 m (6,200-10,000 feet) asl. It includes 
about 1,300 km? (500 mi2), of which approximately 500 km2 
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(192 mi?) or 38% are covered by the waters of Lake Tahoe 
(figure 1). The lake reaches a maximum depth of 502 m (1,645 
ft) and a mean depth of 313 m (1,027 ft). The depth of the lake 
is important with respect to nutrient loading and response. 

The Basin’s climate is one of long cool-to-moderate win- 
ters and short moderate-to-warm summers and is a function 
of the latitude, proximity to the Pacific Ocean, and the eleva- 
tion of the Basin. Precipitation occurs primarily between 
October and May, with winter precipitation predominately 
in the form of snow. Thunderstorms occur sporadically 
throughout the summer, but do not produce significant 
amounts of precipitation (Department of Water Resources 
1991). There are many local climates within the Basin, due to 
topographic influences, as well as a pronounced rainshadow 
effect and decreasing precipitation from west to east across 
the Basin, with the Carson Range more arid than the main 
Sierra Nevada crest to the west. 

The geologic underpinnings of the Lake Tahoe Basin are 
typical of the northeastern Sierra Nevada (McGauhey et al. 
1963; Crippen and Pavelka 1970). Granitic rocks dominate 
the bedrock geology and are the surficial rocks of the south- 
ern section of the Basin. Late Cenozoic volcanic rocks overlie 
the granitics in the northern part of the Basin and are domi- 
nated largely by basalts and andesites. All of these rocks are 
extensively faulted. In addition, metamorphic rocks, largely 
as caprocks, are scattered throughout the Basin. 

The rugged topography consists of steep slopes and gen- 
erally narrow canyons. Glaciation was most pronounced on 
the west side of the Basin, producing steep sided troughs and 
serrated mountain peaks, and depositing morainal materials 
across the lower slope and into the lake itself. The northern 
and eastern portions of the Basin walls are deeply incised by 
narrow stream valleys, with gently rolling, hilly terrain in 
some sections. The southern portion of the Basin and some 
areas of the lakeshore are covered by extensive glacial mo- 
raine and outwash deposits, as well as Quaternary lake de- 
posits (McGauhey et al. 1963; Bailey 1974). 


Biota 


With the broad elevational range of the Basin, and topogra- 
phy strongly controlling precipitation and temperature, a 
wide diversity of montane vegetation types occur here, rang- 
ing from subalpine to alpine meadow and fell-fields, to co- 
niferous forests and woodlands, riparian forests, Great Basin 
shrublands, and various wetland communities (figure 2). Soils 
act as a secondary control to climate of vegetation patterns. 
A number of plant species of special interest, especially at 
high elevations and in wetlands, are found here. Although 
the typical northern Sierra Nevada diversity of tree species is 
present (e.g., lodgepole pine, red fir, white fir, incense cedar, 
Jeffrey pine), the relative species composition and density of 
the forest have changed in the last century, as the co-domi- 
nant sugar pine-Jeffrey pine-white fir forests which covered 
the greater part of the Basin before the logging of the late Nine- 
teenth century were largely lost. Remnants remain on smaller 


parcels, steeper slopes, and at higher elevations, where red 
fir, mountain hemlock and other coniferous species co-occur 
(Bailey 1974). 

This diversity of plant communities and vegetation types 
creates a broad spectrum of wildlife habitats in the Basin. Due 
to the high density of stream tributaries issuing from the 
mountain slopes, riparian vegetation makes important habi- 
tat contributions here, and this vegetation and the adjacent 
stream ecosystem are currently the focus of intensive 
biodiversity inventories on birds, mammals, amphibians, rep- 
tiles, terrestrial insects, aquatic insects, vascular plants, 
mosses, lichens and fungi (Pat Manley, USFS Region 5, San 
Francisco, 1995). The U.S. Forest Service (USFS), California 
Tahoe Conservancy (CTC), and University of Nevada, Reno 
are working collaboratively to design an innovative riparian 
inventory and monitoring protocol, which they will then ap- 
ply basin-wide. We find the knowledge on plant and forest 
structure and dynamics to be incomplete in light of the im- 
portant role they play in the Basin ecosystem. There is strong 
interest in manipulating vegetation on the lake’s watershed. 
If this is to be done, there must be monitoring of short-, me- 
dium-, and long-term results (e.g., nutrient fluxes from thin- 
ning or prescribed burning). 

Small birds, waterfowl, upland game birds, raptors, and 
large and small mammals have lived in the Basin, including 
willow flycatchers, pileated woodpeckers, bald eagles, per- 
egrine falcons, golden eagles, pine martens, grizzly bear, 
wolverines, osprey, goshawks, and fishers. Populations of 
some of these vertebrates have diminished or have been lost 
completely. In its 1991 evaluation of environmental indica- 
tors (Tahoe Regional Planning Agency 1991), TRPA reported 
that it found no active bald eagle nests in the Basin. In this 
same year, the USFS did sight juvenile and adult goshawks at 
Angora Lake. An active nest was also found at Saxon Creek. 
The TRPA furthermore recommended that cooperating agen- 
cies prepare an overall report on wildlife population dynam- 
ics. 

The native fisheries of the past were diverse including 
Lahontan cutthroat trout, mountain whitefish, tui chub, 
Lahontan redside, speckled dace, Tahoe sucker, and Paiute 
sculpin (Tahoe Regional Planning Agency 1991). Brewer wrote 
of Lake Tahoe’s remarkable fishery in 1863 (p. 443): “The lake 
abounds in the largest trout in the world, a species of speck- 
led trout that often weighs over twenty pounds and some- 
times as much as thirty pounds!” Sadly, the Lahontan 
cutthroat has been lost except at a few isolated spots in the 
Truckee River drainage. Efforts have been made to restore 
the native Lahontan cutthroat, especially in the Upper Truckee 
River watershed in the Meiss Lakes Basin and also in the lower 
Truckee River below Lake Tahoe’s outlet. However, even 
before cutthroat trout began to decline in the Lake Tahoe 
watershed, state fish and game departments cooperated to 
establish a larger sport fishery, first by planting rainbow trout, 
brown trout, mackinaw (lake trout), brook trout, golden trout 
and, later, Kokanee salmon. These introductions impacted 
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FIGURE 1 


Lake Tahoe Basin shaded relief map. 
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Lake Tahoe Basin vegetation map. 
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the aquatic invertebrates. With a few notable exceptions, such 
as at Taylor Creek, spawning streams were obstructed by road 
construction, channelized, devegetated, or all three. Fish sur- 
vival rates from year-to-year were assured to be low, leading 
to a policy of annual restocking from hatcheries. Today, Lake 
Tahoe’s fishery consists almost totally of introduced species, 
although native fish species are present. 

In the early years of the post-war era, urbanization of the 
Basin was accompanied by draining and filling of many wet- 
land areas, a practice that reached its peak in the 1960s with 
the creation of the Tahoe Keys (figures 3 and 4), a dredged 
and filled residential development in the region’s largest 
marsh, at the mouth of the Upper Truckee River. Many 
backshore as well as some nearshore habitats have been modi- 
fied by road construction, the management of beaches and 
piers, and other construction. In 1979, the Western Federal 
Regional Council said that 75% of the Lake Tahoe Basin’s 
marshes, 50% of its meadows, and 35% of its riparian zones 
had been destroyed since 1900, and also that about 25% of 
the Basin’s marshland had been developed between 1969 and 
1979 (Western Federal Regional Council Interagency Task 
Force 1979). 

As the human population of the Basin started to grow, sup- 
pression of wildfires also became the norm. In the 1920s, 
public agencies began to regularly fight and extinguish for- 
est fires. Logging occurred through the 1960s, especially along 
the north shore. In 1947, the mill along the south shore was 
still the largest employer in the Basin. However, given the 
Basin’s beauty and attraction to visitors, a policy emerged in 
which timber production was later discouraged. Furthermore, 
land managers became reluctant to thin or otherwise harvest 
the forest for fear of damaging water quality or other resources 
and upsetting environmental groups. The prevailing view of 
the forest ecosystem in the middle of this century was that, 
with fire excluded, the ecosystem would take care of and re- 
pair itself. The use of prescribed fire in the Basin continued 
to be debated by many parties. A logic for protecting the Lake 
Tahoe Basin from fire was put forth based on conservation of 
watershed values, recreational opportunities, preservation of 
forest and wildlife habitat, and protection of developed areas 
valued at many millions of dollars. However, by 1975, the 
California Tahoe Regional Planning Agency (CTRPA2) had 
adopted a regional plan that recognized the value of pre- 
scribed burning (California Tahoe Regional Planning Agency, 
1995). The ecosystem effects of prescribed burning were not 
completely understood, yet fire was recognized as an essen- 
tial ecological process in the summer-dry forest type of the 
Basin. Prescribed fire was also recognized as a tool for reduc- 
ing fuel load in the forest, thereby decreasing the risk of de- 
structive, high-intensity wildfires. 

In the last two decades, a broader understanding of the 
ecosystem has emerged. A drought, starting in the mid-1980s, 
stressed the overstocked, even-aged forest making white fir, 
and then the pines, susceptible to insect damage. In 1991, the 
USFS reported that 300 million board feet of timber were dead 


FIGURE 3 


Truckee Marsh in 1930 (current site of Tahoe Keys 
development). Photo by Dr. Robert Orr, property of 
California Tahoe Conservancy. 


or dying in the Basin. Land managers also realized the need 
to reintroduce fire into the ecosystem, or substitute something 
else for it to restore forest health. 

Abetter understanding of the role of natural fire in the Lake 
Tahoe Basin ecosystem is very much needed. Fire histories 
have been compiled in six California State Parks within the 
Sierra District of the California Department of Parks and Rec- 
reation (Rice 1988; Rice 1990), and three of these parks are 
within the Lake Tahoe Basin: (1) D. L. Bliss State Park (off 
Highway 89, 6 miles south of Meeks Bay), (2) Sugar Pine Point 
State Park (off Highway 89, 1 mile south of Tahoma), and (3) 
Emerald Bay State Park (off Highway 89, 22 miles south of 
Tahoe City). 

For these fire history studies, slabs were taken out of live 
and dead trees with fire scars. The forest vegetation at each 


FIGURE 4 


Tahoe Keys development of the Truckee Marsh, 1978. 
Photo by Ray Lacey, California Tahoe Conservancy. 
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site consisted primarily of Jeffrey pine, ponderosa pine, and 
incense cedar, with white fir also a common overstory tree in 
the D. L Bliss and Sugar Pine Point State Parks. Some sugar 
pine is found at Emerald Bay State Park.3 The studies pro- 
vide excellent fire history data, but it is difficult to arrive at 
general conclusions because the spatial component of the fire 
study is missing. The fire history studies do present average 
fire intervals by century for each park and they are summa- 
rized in tables 1-3 (Rice 1988; Rice 1990).4 However, to effec- 
tively manage using fire, there must be a better understanding 
of the effects of varying fire intensity, season of burning, and 
nutrient retention and release. This is currently a major gap 
in scientific understanding in the Basin. 

Before the year 1700, sample size becomes limited and cal- 
culations of fire intervals are unreliable. Past logging near 
these areas has also removed valuable fire scar data. A mea- 
sure of fire return interval variability would also give more 
information on the disturbance regime, and the raw data that 
are provided in the report could be analyzed in this regard. 

The data demonstrate that fire is a persistent process in 
these ecosystems. Fires occurred on the average every five 
years from 1800-1899, and have occurred on an average of 
every twenty years from 1900-1990. In the twentieth-century, 


TABLE 1 


Average fire intervals at D. L. Bliss State Park. 


Years Average Interval (yr.) Number of Fires 
1900-1990 21.5 4 
1800-1899 4.6 22 
1700-1799 9.3 11 
1600-1699 20.0 3 
1500-1599 29.0 3 
TABLE 2 


Average fire intervals at Sugar Pine Point State Park. 


Years Average Interval (yr.) Number of Fires 
1900-1990 18.0 4 
1800-1899 6.6 14 
1700-1799 8.2 11 
1600-1699 19.8 5 
1500-1599 29.0 3 
TABLE 3 


Average fire intervals at Emerald Bay State Park. 


Years Average Interval (yr.) Number of Fires 
1900-1988 8.8 10 
1800-1999 3.7 27 
1700-1700 4.3 23 
1600-1699 6.6 15 


fire frequency is higher in the Lake Tahoe Basin than for most 
of the western Sierra Nevada. The change in fire frequency 
with increased human occupance, however, has resulted in 
increased tree density and changes in biodiversity of the for- 
est (McKelvey et al. 1996). Shade tolerant species such as 
white fir have increased in density over shade intolerant spe- 
cies such as Jeffrey pine. The use of prescribed fire generates 
system impacts that are both beneficial and potentially detri- 
mental from a human perspective, and needs to be carefully 
dealt with. 

The biota of the Lake Tahoe Basin is affected not only by 
human induced processes, such as fire suppression, urban- 
ization, and pollution, but by natural influences, such as pe- 
riodic flooding, wildfire, mass movement (e.g., landslides), 
and droughts. Long-term drought is believed to be respon- 
sible for lowering the lake below its natural rim, and in this 
regard, researchers have found tree stumps as deep as 4.9 m 
(16 ft) along the south shore of the lake and 12 m (40 ft) along 
the east shore. The size of these stumps indicates the trees 
were over 100 years old when they died (Lindstrém (appen- 
dix A). A lake-level decrease of this magnitude would en- 
courage stream entrenchment and wetland modification, 
accelerated erosion, and sediment transport into the lake. 

Further information on natural droughts, altered fire and 
runoff regimes, and various human impacts are available 
through the pollen analysis of a mid-lake core collected from 
Lake Tahoe by the Tahoe Research Group (TRG) (Davis ap- 
pendix 7.2). The pollen and sediment data attest to historic 
changes in vegetation and fire in the Basin. During the Little 
Ice Age (ca. 1850-1890 AD), a decrease in pine and an increase 
in fir and sagebrush indicates cooler and drier conditions than 
at the present. A decrease in both pollen and charcoal con- 
centration with settlement of the Basin in the latter nineteenth 
century is indicative of logging and accompanying erosion 
during the Comstock era, with acceleration of the sedimenta- 
tion rate. Decreased wildfire beginning about 1885 is reflected 
in the reduced charcoal concentration. A subsequent small 
increase in pollen and charcoal concentration and a brief but 
sharp decrease in pine pollen percentage appear to be the re- 
sult of post-World War II development in the Basin. Increased 
nutrient flow into the lake from accelerated erosion and hu- 
man pollution is also reflected here by the increases in the 
planktonic algae Pediastrum, and also seen with the expan- 
sion of the nearshore littoral zone as represented by sedge 
pollen (Davis appendix 7.2). 

As the result of fire suppression, past forest harvesting prac- 
tices (Sudworth 1900; Leiberg 1902), and recent stress, wide- 
spread tree mortality is occuring in the Basin today. Insect 
damage in parts of the forest also occurred in 1921 and 1937. 
Increased tree density and reduced biodiversity, as demon- 
strated by the preponderance of white fir, has resulted in the 
current ecosystem being much more vulnerable to distur- 
bances such as wildfire, drought, insects and disease, whether 
they are species specific or otherwise. 

In the past five years, salvage logging operations have been 
occurring in the Basin, primarily on the eastern, northern and 
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southwestern sides of the lake, and to a limited extent on the 
western side. Salvage operations that concentrate on stand- 
ing dead trees and do not reduce surface fuel loads may in- 
crease fire risk in these ecosystems. Acomprehensive program 
that reduces surface fuel load and reduces vertical and hori- 
zontal continuity will be required to restore these systems to 
a state that can incorporate natural disturbance without ca- 
tastrophe. Maintenance of the desired vegetative matrix will 
be necessary and will require some combination of thinning 
of stands, prescribed fire, and mechanical brush treatments. 
Draft environmental impact statements proposing such treat- 
ments are pending by the Lake Tahoe Basin Management Unit 
(LTBMU), USFS. 


The Atmosphere 


Clean air and good visual range have been two of the Lake 
Tahoe Basin’s most appreciated values. Lake Tahoe is a high 
altitude lake at 1,900 m (6,200 ft), and is separated from the 
Sacramento Valley by the Sierra Nevada divide, ranging from 
2,200 m (7,200 ft) at the passes to 3,050 m (10,000 ft) at the 
summit of the Crystal Range. With the lower ridges to the 
east, this terrain forms a bowl-shaped basin that develops very 
strong, shallow subsidence and radiation inversions at all 
times throughout the year. Even relatively weak local pollu- 
tion sources can thus build-up to serious levels. Each of the 
pollutants has its own environmental impacts and cause-ef- 
fect relationships. In addition, transport of pollutants from 
the Sacramento Valley occurs during the summer, increasing 
the concentrations of both ozone and fine particulates such 
as sulfates, nitrates, and smoke. In the winter, the Basin is 
decoupled from the Sacramento Valley, but participates in the 
synoptic winter storms, generally from the North Pacific, 
which bring most of the precipitation into the watershed in 
the form of snow along a cleaner air stream. 

Smoke from natural lightning fires and fires set by the 
Washoe people occurred in the Lake Tahoe Basin in historic 
times. Recent studies indicate that smoke played an ecologi- 
cal role in regard to controling pest outbreaks in the forest. 
Even in the absence of smoke from fires, haze would have 
been present, as the sun volatilized light-scattering terpene 
aerosols from the forest during the summer, as it does today. 
The logging associated with the Comstock era also undoubt- 
edly resulted in smoke from fires and combustion engines. 
However, other than wood smoke and natural aerosols, there 
was little to affect air quality in the Basin until the urbaniza- 
tion of the last forty to fifty years. 

In the 1960s, human population levels increased and more 
people began to live in the Lake Tahoe Basin year-round. Ac- 
cess improved, almost to today’s levels. Urbanization brought 
with it increased vehicle trips, and the various and widespread 
Basin amenities generated substantial vehicular traffic. Hu- 
man occupance of the surrounding mountain landscapes and 
those of the Basin led to inputs from wood-fueled stoves, dust, 
and other particulates from upwind and in-basin areas. As 
early as 1963, a team of expert scientists studying the water 


resource problems of Lake Tahoe for the Lake Tahoe Area 
Council (LTAC) said that atmospheric deposition of the algal 
nutrients phosphorus and nitrogen should be considered a 
major component of the lake’s nutrient budget (McGauhey 
et al. 1963). 

In 1972, a spot check of carbon monoxide and fine particu- 
late (i.e., automotive) lead showed high values in the city of 
South Lake Tahoe. In response, a study was undertaken in 
the summer of 1973 by the California Air Resources Board 
(ARB) at many sites around the lake and nearby. The results 
confirmed the earlier study, showing levels that reached or 
surpassed those seen in many cities for primary automotive 
pollutants. This study resulted in designation of the Lake 
Tahoe Basin as a separate air basin by both California and 
Nevada, with very stringent standards on carbon monoxide 
(because of the high altitude) and on visibility (because of 
the scenery). Regular monitoring of pollutants commenced 
at South Lake Tahoe, along with studies by the UC Davis Air 
Quality Group (AQG) in 1976-79. The AQG studies, along 
with work by the ARB, clarified the nature of the inversions, 
and the AQC performed the first analysis of the fraction of 
pollutants transported into the Basin (ozone, sulfates) versus 
local anthropogenic sources (carbon monoxide, nitrogen di- 
oxide, lead, most coarse particles) and natural sources (half 
of the methane, other hydrocarbons). With the ARB monitor- 
ing, these studies documented the dramatic levels of pollut- 
ants that occurred in winter under the strong inversion at both 
the southern and northern ends of the lake. 

In 1978, the U.S. Environmental Protection Agency (EPA) 
designated portions of the Lake Tahoe air basin as a non-at- 
tainment area for carbon monoxide. Meanwhile, residential 
development added many new residents and new homes 
during the 1970s. The popularity of wood heaters, coupled 
with the great availability of inexpensive firewood, increased 
wood smoke emissions dramatically during the heating 
months. In 1979, scientists from EPA’s Las Vegas laboratory 
conducted sophisticated measurements of visual range in the 
Lake Tahoe Basin, and established a baseline condition that 
still is used today. 

As the concern for environmental quality, clean air, and 
clean water grew—both nationally and in the Lake Tahoe 
Basin—many pointed to the automobile as the source of the 
Lake Tahoe Basin’s air quality concerns. References to “smog” 
at Lake Tahoe caused by high levels of traffic inside and out- 
side the Basin were common in the literature of the time, and 
automobiles and wood smoke continue to dominate air qual- 
ity concerns. 

By 1994, the TRPA air monitoring had clearly defined the 
ratio of local-to-transported particulate matter, and coupled 
it closely to visibility degradation. Cahill et al. (1996) shows 
the results of four years of air monitoring for fine particulates 
(figure 5). Based upon Rice’s (1988, 1990) studies, sites were 
chosen at D.L. Bliss State Park, near Emerald Bay, to repre- 
sent materials coming across the mountains from the Sacra- 
mento Valley, and at South Lake Tahoe, to represent a local, 
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FIGURE 5 


Air quality at South Lake Tahoe and Bliss State Park, Lake Tahoe, 1989-1994. 


in-basin sources. As with the earlier studies, the Bliss site 
represents the average pollutant levels present across the en- 
tire air basin, upon which are superimposed the local pollut- 
ant sources from urbanized areas around the lake, especially 
at the northern and southern ends. If the two concentrations 
are the same, then all the pollutant is transported. This situ- 
ation is the case for fine sulfates. The difference between the 
Bliss data and the South Lake Tahoe data then represents the 
local contribution. The winter maxima are both high and 
mostly local. These concentrations, however, do not extend 
very far from the urbanized areas, falling off to about one- 
half of their concentration about a mile away from the sources. 

Ozone concentrations are highest during the summer, when 
sunlight drives the chemical processes that create ozone from 
airborne hydrocarbons and oxides of nitrogen. Ozone con- 
centrations in the Lake Tahoe Basin were stable during the 
1980s, hovering at or slightly above California standards. 
However, two factors puzzled scientists. First, the Lake Tahoe 
Basin’s highest ozone concentrations were observed in the 
late afternoon and early evening, not closer to solar noon when 
one would expect them. Second, despite a decrease in emis- 
sions of oxides of nitrogen in the Basin (again, a result of the 


cleaner vehicles), ozone concentrations did not decrease. 
These two factors led air pollution experts to suggest that 
ozone was, in fact, being transported into the Basin from up- 
wind areas. Although the Basin generated its share of bio- 
genic and anthropogenic ozone precursors, the resulting 
ozone was probably appearing somewhere downwind in 
Nevada. 

Analysis of particles in the air improved dramatically after 
TRPA installed, in the late 1980s, two state-of-the-art particu- 
late samplers, identical to those used in the IMPROVE net- 
work of EPA and the National Park Service, under contract 
with AQG. Optical equipment (cameras and devices that 
measure light scattering and absorption) was located at the 
particulate sampling stations, giving scientists the ability to 
look simultaneously at particulate matter and its impact on 
visual range. 

In 1991, TRPA reported that the five major constituents of 
visibility-reducing aerosols in the Basin were, in order of their 
mass: organic carbon, water, soil, ammonium sulfate, and 
ammonium nitrate. The monitors collected small concentra- 
tions of industrial metals, indicators of industrial sources not 
present in the Basin (Tahoe Regional Planning Agency 1991). 
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The largest concentrations of these metals occurred in the sum- 
mer, when long-range transport conditions were most likely. 
The main sources of the particulate organic carbon compo- 
nent are natural terpene emissions in the summer and wood 
burning in the winter. 

Ammonium sulfate is an industrial emission, for which 
there are no known sources in the Lake Tahoe Basin. Ammo- 
nium nitrate (from automobiles, generally upwind of the Ba- 
sin) represented only 6% of the fine particulate mass. From 
these measurements, scientists were able to draw two con- 
clusions: long range transport of pollutants from distant ur- 
ban and industrial sources was definitely occurring, and 
automobile exhausts were only a small contributor to haze 
and diminished visual range in the Basin. 

In the 1980s, those working to understand the water qual- 
ity trends in Lake Tahoe took a renewed interest in airborne 
algal nutrients (especially phosphorus and nitrogen). Since 
the 1963 LTAC study (McGauhey et al. 1963), airborne nitro- 
gen and phosphorus compounds had been recognized as sig- 
nificant components of Lake Tahoe’s nutrient budget. Studies 
of deposition elsewhere in the country (e.g., the Great Lakes) 
gave added impetus to the idea, as did the nation’s interest in 
acid rain and deposition of nitric and sulfuric acids. Airborne 
substances undoubtedly played a role in Lake Tahoe’s water 
quality dynamics, but what role, exactly, was unclear. 

In 1981 and 1982, the staff and consultants working on 
TRPA’s threshold standards contacted air quality experts 
throughout the country and asked what loading rate, in kilo- 
grams per hectare per year of nitric acid, one might expect to 
see in the Sierra Nevada. Based on the responses, they esti- 
mated an annual dissolved inorganic nitrogen (DIN) load to 
the surface of Lake Tahoe on the same order of magnitude as 
the loads coming from surface streams and groundwater in- 
puts. This conclusion—even without monitoring data to con- 
firm it—influenced the development of TRPA’s threshold 
standards and subsequent regional plan by causing TRPA to 
look beyond erosion and runoff control as methods to control 
cultural eutrophication®, and by creating an amount of un- 
certainty as to sources, distribution, and impacts of the air- 
borne fractions. 

In the following years, both water quality and air quality 
specialists attempted to measure or model nitrogen and phos- 
phorus inputs to Lake Tahoe, with variable and sometimes 
contradictory results. Since deposition is literally a molecu- 
lar-level phenomenon, monitoring it directly is difficult. Spa- 
tial variation in meteorology within the Basin, especially over 
the lake itself, complicated attempts to measure dry-weather 
and wet-weather deposition. 

In 1990, in expert testimony in the case of Kelly v. TRPA, 
Cahill of AQG summarized what was known about the at- 
mospheric deposition of nutrients to Lake Tahoe. He stated 
that the decline in the lake’s water quality was not primarily 
due to atmospheric inputs. With abundant nitrogen in the 
system from various ecosystem sources, phosphorus is now 
a major influence on aquatic productivity. Soils, especially 


disturbed soils (e.g., along road cuts), appear to be the largest 
source of phosphorous with smoke from wood stoves, agri- 
cultural burning, and other combustion negligible sources of 
phosphorus. 

In 1991, TRPA published a summary on deposition of air- 
borne algal nutrients on Lake Tahoe. It said that the primary 
nutrient of concern was nitrogen, commonly found in the air 
in gaseous form (e.g., NO, or nitrogen dioxide) and particu- 
late form (e.g., NH,NO3 or ammonium nitrate) (Tahoe Re- 
gional Planning Agency 1991). Phosphorus compounds were 
also found in the air in the particulate form. 

Gaseous emissions from local sources appeared to be an 
important source of atmospheric nitrogen in Lake Tahoe’s 
nutrient budget. Particulate nitrogen from upwind areas ap- 
peared to be less important. The report said gaseous emis- 
sions of nitrogen compounds (known as “NO,”) from 
automobiles and other sources react with other substances in 
the atmosphere and on the ground. The portion not scav- 
enged from the air by other chemicals, vegetation, or other 
surfaces, including water bodies, changes to particulate in 
about 24 hours. Because the particles are less than 2.5 mil- 
lionths of a meter in diameter, they do not settle easily, and 
are transported downwind. 

The report said that most NO, emissions upwind of the 
Lake Tahoe Basin change to the particulate form before they 
reach the Basin, and are easily transported over the Basin by 
the wind. However, NO, emissions within the Basin react 
with vegetation, water surfaces, and other surfaces before they 
change to the particulate form. These reactions scavenge a 
portion of the NO, from the atmosphere. Thus, local NO, 
emissions contribute to the lake’s nitrogen budget. 

Vegetation in the watershed also scavenges NO,, and some 
portion of the scavenged nitrogen eventually makes its way 
into Lake Tahoe. “The reader may wish to think of this pro- 
cess,” the report said, “as an area-wide enrichment, or fertili- 
zation, of Lake Tahoe and the Tahoe Region by local sources 
of NO,” (Tahoe Regional Planning Agency 1991). 

Recent analysis of wet and dry deposition has been made 
based upon a multi-year measurement program by TRG 
(Jassby et al. 1994). These results favor a larger fraction of the 
nitrate input from upwind sources, but due to the use of in- 
novative but uncharacterized sample collection, the results 
are being carefully evaluated for relevance to both dry depo- 
sition theory and standard sampling protocols. 


The Hydrosphere 


Lake Tahoe is unique as a Sierra Nevada high elevation lake 
in terms of its size and depth. It holds approximately 156 
cubic kilometers of water (126 million acre feet). It is 19 km 
wide (12 mi) and 35 km (22 mi) long, with a surface area of 
500 km? (192 mi? ). The mean depth of Lake Tahoe is 313m 
(1,027 ft), with a maximum depth of 502 m (1,645 ft), making 
it the 10th deepest lake in the world. 

Like most lakes, Lake Tahoe stratifies during much of the 
year with colder, denser waters staying at the bottom and 
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warmer, lighter waters on top, with little mixing between the 
layers. However, unlike most temperate lakes, Lake Tahoe 
does not always turnover annually. The depth and duration 
of winter mixing are extremely variable (Goldman 1988). 

Tributary flows deliver about 370 million m3 (300,000 acre- 
feet of water) to Lake Tahoe each year. Nearly half of the 
surface inflow to Lake Tahoe comes from only four of its sixty- 
three tributaries: Trout Creek, the Upper Truckee River, Tay- 
lor Creek, and Ward Creek. The amount of subsurface 
groundwater flow entering Lake Tahoe is not known, but is 
probably not more than about 10% of surface flow (McGauhey 
et al. 1963). Four estimates of a water balance are known to 
have been made for Lake Tahoe. The years, methods and as- 
sumptions used result in different estimates (table 4). 

Estimates of average annual evaporation from the lake sur- 
face from these studies range from 338 million m3 (680 mm) 
to 551 million m? (1,100 mm). These water balance estimates 
suggest there is a considerable uncertainty in the calculations 
and much variability between years. 

By considering the water budget and the lake’s volume, 
scientists calculate the average residence time of a drop of 
water in Lake Tahoe at about 700 years. This residence time 
is an important point in the development of control plans 
because, for practical purposes, one must think of Lake Tahoe 
as a nutrient sink not subject to flushing action. 

Prior to European contact (ca. 1850) and probably through 
glacial-interglacial cycles, the level of Lake Tahoe fluctuated 
naturally, partially controlled by ice dams in the area of what 
is now the Truckee River outlet. Tree-ring and other data re- 
veal a long-term drought after the last ice age which lasted 
over a thousand years (Stine 1996). Research in progress by 
scientists at the University of Nevada Desert Research Insti- 
tute (T. Kumamato, 1996, personal communication) shows that 
the level of the lake’s surface dropped at least 14 m (46 ft) 
below its current rim, and conifers grew at an elevation of 
about 6,200 feet. Further information on mid-to-late Holocene 
lake-level changes is contained in Lindstrém (appendix 7.1). 

To examine possible increases in rates of sedimentation 
resulting from the intensive logging and watershed distur- 
bance of the late 1800s, TRG, led by Charles R. Goldman, ana- 
lyzed sediment cores from the deep portions of Lake Tahoe. 
They dated biological and physical changes in the cores by 
measuring the abundance of a radioactive lead isotope. The 
cores revealed no demonstrable change in Lake Tahoe’s algal 


TABLE 4 


community that correlated with the logging era. As noted 
previously, however, Davis’ (appendix 7.2) analysis of pollen 
and charcoal concentration showed increased sedimentation 
rates following the Comstock era. In the 1950s, however, the 
relative abundance of some of the phytoplankton 
(araphidinate Pennales and Centrales) increased dramatically 
with a corresponding influence on water clarity. This is also 
reflected in Davis’ analysis of the nearshore cores by an in- 
crease in Pediastrum (appendix 7.2). 

Although land disturbance during the Comstock era was 
extensive, it has been hypothesized that the absence of long- 
term impacts was due to the fact that logging did not create 
surfaces as impervious to water percolation and throughflow 
as pavement and concrete, even though soil compaction un- 
doubtedly occurred, and thus the watershed recovered from 
logging with the natural wetlands largely intact. An alterna- 
tive hypothesis is that the climate of this time was such that 
there were few heavy winter snowpacks with their resulting 
large amounts of spring runoff that would have delivered 
higher amounts of sediment to Lake Tahoe in the immediate 
post-Comstock years. However, hydrologic records show ma- 
jor flooding in Reno in 1867, 1886, and 1900, and four of the 
ten highest seasonal snowfall amounts from 1879 to the 
present fell between 1880 and 1895, casting doubt on this hy- 
pothesis. 

Lake Tahoe’s first dam was constructed at Tahoe City in 
the early 1870s. The dam, which raised Lake Tahoe’s average 
surface elevation by about 2 m (6 feet) caused Lake Tahoe’s 
shoreline to move landward, a phenomenon that had previ- 
ously occurred only as a result of natural climatic variation. 
There is little documentation of the ecological effects of this 
change. One can visualize, however, a period of adjustment 
in which the lakeshore eroded and new beaches were formed. 
In the early 1900s, traincar-loads of sand were brought to the 
Homewood and Sunnyside areas on Lake Tahoe’s northwest 
shoreline to supplement the natural beaches, and this sand 
eventually moved into the nearshore circulation of the lake. 

The impacts of sewage discharge in the Basin are a further 
concern for the lake’s health. Not until the 1950s did the 
Basin’s residents begin to manage their sewage in a collective 
fashion. The Tahoe City Public Utility District (TCPUD) 
opened a secondary treatment (e.g., trickling filter) plant in 
1954. The North Tahoe Public Utility District (NTPUD) 
opened a primary treatment plant near Tahoe Vista in 1957. 


Estimates of Lake Tahoe’s water balance (in million m® of water). 


Source McGauhey et al. 1963 LTAC 1971 Lind and Goodridge 1978 Myrup et al. 1979 
Interval (yrs) unknown 1960-71 1958-77 1967-90 
Streamflow into lake 380 459 362 510 
Precipitation into lake 253 336 255 388 
Evaporation from lake 410 541 338 551 
Outflow to Truckee River 217 214 227 368 
Change in storage plus 0.1 plus 40 minus 36 minus 22 
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The South Tahoe Public Utility District (STPUD) built a sec- 
ondary treatment (i.e., activated sludge) plant near the 
confluence of Heavenly Valley and Trout Creeks in 1960, 
which served portions of the south shore in both California 
and Nevada, including the Stateline casino district. All of 
these treatment plants disposed of their treated effluent by 
application to the land, via spray irrigation or infiltration 
ponds and trenches. 

Still, many populated areas of the Basin were outside the 
service areas of these facilities, and by the early 1960s there 
was a significant interest in providing sewage collection and 
treatment for all the residents and visitors of the Lake Tahoe 
Basin, to “cure” or at least slow down the onset of cultural 
eutrophication of Lake Tahoe. The LTAC, with money from 
the Max C. Fleischmann Foundation, contracted in 1961 with 
the consulting engineering firm Engineering-Sciences, Inc., 
which conducted a thorough study under the direction of an 
expert “board of consultants” to explore possible solutions to 
the sewage problems of the Basin. The analysis contained in 
the LTAC’s 1963 report (McGauhey et al. 1963) included a 
hydrologic budget, a nutrient balance, a detailed analysis of 
nutrient sources and outflow, and an analysis of the impacts 
of nutrients on Lake Tahoe (present and future). Despite the 
fact that it did not have long-term water quality data to rely 
upon, it concluded that “the amounts of nutrients to be de- 
veloped in [the] Tahoe Basin with continuing growth of popu- 
lation appear to be sufficient to pose a definite hazard to Lake 
Tahoe should an appreciable portion of these find their way 
into the lake.” The study considered “all feasible methods of 
[sewage] disposal which can protect the quality of the lake 
and of the Truckee River,” including land disposal, surface 
disposal, and removal from the Lake Tahoe Basin. However, 
in 1963 LTAC was considering a land freeze as a moratorium 
on land-use changes. 

In July 1966, the Secretary of the Interior convened a con- 
ference at Lake Tahoe, under the authority of Section 10 of 
the Federal Water Pollution Control Act, for representatives 
of federal, state, and local agencies concerned with the water 
quality of the lake. The purpose of the conference was to lay 
a basis for future action, and give the states and localities an 
opportunity to take whatever remedial action is possible and 
practicable under state and local law. The conferees concluded 
that recognizable long and short-term threats of pollution to 
Lake Tahoe and the Lake Tahoe Basin existed, primarily from 
the rapid development of the area. They said that federal, 
state, and local agencies had been aware of these threats, and 
that substantial progress had already been made, but that 
there was an urgent need for the establishment of basin-wide 
objectives and standards for development and use of the lands 
and waters, which would include enforcement provisions 
covering not only the waters of Lake Tahoe but its shoreline 
developments and the total complex of lands and waters that 
make up the Basin. They further recommended that all de- 
veloped lands be included within sewage districts, and that 
the districts aggressively pursue plans to export sewage ef- 


fluent from the Basin by 1970, with substantial federal finan- 
cial assistance. 

In 1967, Engineering Sciences, Inc. published another re- 
port for LTAC, the purpose of which was to indicate those 
programs necessary to provide a truly long-range regional 
plan for solution of the sewerage problem. The report noted 
that considerable effort had been expended toward the ac- 
cepted goal of total export of sewage from the Lake Tahoe 
Basin, but that the effort had been uncoordinated, particu- 
larly from a financial point of view. 

At the time of the 1967 LTAC (Engineering Sciences, Inc. 
1967) report, the Douglas County Sewer Improvement Dis- 
trict had a secondary treatment plant under construction for 
the Nevada portion of the South Shore, and the Incline Vil- 
lage General Improvement District had installed a 1 MGD 
(million gallons per day) package plant, treating sewage from 
the commercial area adjacent to Lake Tahoe, with disposal 
via golf course irrigation and hillside spray irrigation. The 
report said that, of 93,200 privately-owned acres (37,700 ha) 
in the Basin, 31,290 acres (12,670 ha) were served by sewer 
facilities, and of the area within existing sewerage districts, 
only about 60% of the developments were connected to sew- 
ers. It concluded that it was essential that a long-range plan 
providing for sewage collection and management be adopted. 

In 1969, LTAC published another report on eutrophication 
of surface waters (in general) and Lake Tahoe (specifically). 
Based on the use of bio-assays of the stimulatory effect of 
various sources of nutrients on algae, the report examined 
the expected impacts of sewage effluent on Lake Tahoe. And, 
with more emphasis than in the earlier LTAC reports, the 1969 
report examined the role of other sources of nutrients (i.e., 
non-sewage) on algal growth in surface waters. The report 
stated that the assumption that domestic and industrial waste 
water effluents are the principal source of nutrients was not 
necessarily valid, and furthermore it addressed not only the 
ability of sewage effluents to stimulate algal growth (in Lake 
Tahoe and in receiving waters outside the Lake Tahoe Basin), 
but also the overall amount of nutrients reaching Lake Tahoe 
annually from the normal processes of nature and the effect 
of anthropogenic near-shore and shoreline modifications and 
activities. 

The 1969 LTAC report concluded that all types of sewage 
effluents stimulated growth of algae in Lake Tahoe, and that 
human activity in a watershed can increase its normal yield 
of nutrients. It said that Ward Creek had about the same level 
of biostimulatory properties as Lake Tahoe, but that Incline 
Creek and the Upper Truckee-Trout Creek (which drained 
developed areas) each had about twice the biostimulation of 
Lake Tahoe. 

In 1969, the California legislature added Section 13951 to 
the State Water Code, requiring the export of sewage effluent 
from the Lake Tahoe Basin and prohibiting the further main- 
tenance or use of cesspools, septic tanks, or other measure of 
waste disposal in the Basin after January 1, 1972. The gover- 
nor of Nevada later issued an Executive Order on January 27, 
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1971, prohibiting the use of septic tanks in the Basin after 
December 31, 1972. 

By 1975, virtually all wastewaters in the California portions 
of the Basin were being exported to Indian Creek Reservoir 
in Alpine County (by STPUD), within the heart of contempo- 
rary Washoe-land, and to the Cinder Cone land disposal site, 
near the Truckee River outside the Lake Tahoe Basin (by 
TCPUD and NTPUD) while a regional treatment plant at 
Truckee was under construction. These efforts were sup- 
ported by an extraordinary funding commitment through fed- 
eral and state loans and grants. 

Progress on exported sewage in Nevada was slower, and 
the EPA sued Douglas County to enforce water quality stan- 
dards and the sewering and export of wastewaters from the 
Basin. In May 1973, the U.S. District Court in Reno enjoined 
any issuance of building permits by Douglas County after 
December 1, 1973 until sewage facilities were completed and 
in operation. Construction of sewer facilities were completed 
in 1975. 

In addition, there was a concern whether there was suffi- 
cient treatment capacity to accomodate growth. Even though 
sewage was being exported, the Lahontan Regional Water 
Quality Control Board (LRWQCB) imposed a sewer connec- 
tion ban on utilities on both the north and south shore areas 
of the California side of the Basin because of a shortage of 
treatment capacity. This shortage was due to increasing rates 
of development around the Basin. This ban slowed down the 
development rate in the Basin. However, the gradual deci- 
sion to collect and export sewage, which spanned the 1960s, 
allowed for additional subdivision of land and residential use 
of the Basin. While it may not have been desirable or pos- 
sible, even then, to reverse the urbanization of the Basin to 
protect Lake Tahoe and its surroundings, the decision to sewer 
and export effectively changed the relevant issues. 

However, despite the investment in sewage treatment and 
export, the productivity of Lake Tahoe continued to increase, 
and its clarity to decrease. State and regional water quality 
and planning agencies increased their focus on human-in- 
duced erosion in Lake Tahoe Basin as the crucial variable in 
the lake’s water quality trend. 

Federal, state, and regional agencies began in-depth stud- 
ies of the water quality situation, focusing on erosion and dif- 
fuse or “non-point” sources of water pollution. Working 
primarily under the provisions of sections 208 and 303 of the 
federal act, they developed a series of plans and regulations 
to control erosion and other sources of pollution (e.g., fertil- 
izer). During the 1970s, the California State Water Resources 
Control Board (SWRCB) and the LRWQCB based their poli- 
cies on the premise that erosion and siltation were the pri- 
mary causes of increased algal growth rates in the lake, and 
they consistently sought greater protection of environmen- 
tally sensitive lands and the implementation of soil-erosion 
control projects through regional water quality plans (Ingram 
and Sabatier 1987). 

Starting in the late 1970s, California and Nevada renegoti- 


ated the Tahoe Regional Planning Compact, under pressure 
from federal agencies, conservation groups and others, and 
obtained congressional ratification and presidential approval 
in December 1980. The revised Compact initiated a new round 
of water quality investigation and planning. Faced with con- 
tinuing evidence of water quality degradation, TRPA, with 
the assistance of a technical advisory panel and a consulting 
team, worked to model the dynamics of Lake Tahoe’s water 
quality. Charles Goldman and TRG continue to lead the as- 
sessment of the lake, with their long-term monitoring of lake 
clarity (figure 6) and primary algal productivity (figure 7) key 
long-term evaluations of the lake’s health. 

After attempting to correlate annual changes in algal pro- 
ductivity and water transparency with annual loads of sedi- 
ment or nutrients entering Lake Tahoe from tributary streams, 
with insignificant results, TRPA’s consulting team investigated 


FIGURE 6 


Annual average secchi depth at Lake Tahoe, 1968-94. By 
Charles Goldman, Tahoe Research Group. 
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Annual algal growth at Lake Tahoe, 1960-94. By Charles 
Goldman, Tahoe Research Group. 
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a different cause-effect relationship (Tahoe Regional Planning 
Agency 1982). They hypothesized that Lake Tahoe’s water 
quality responded not so much to annual inputs of algal nu- 
trients from the watershed and the atmosphere, as to changes 
in the storage of nutrients in the lake and the amount of an- 
nual mixing between the deeper, nutrient-rich waters and the 
nutrient-depleted surface layer. They found strong statisti- 
cal support for this hypothesis. In other words, TRPA began 
to look at Lake Tahoe as a nutrient sink, with a fluctuating, 
but generally increasing, store of nutrients. Especially in years 
with extensive mixing, this storage could increase algal pro- 
ductivity in the euphotic surface layer. This conceptual model 
was a breakthrough for the basin managers, and brought a 
dose of reality to efforts to control Lake Tahoe’s water quality 
trend. If Lake Tahoe was responding not to short-term (an- 
nual) inputs of nutrients, but to longer term (chronic) nutri- 
ent loads, there would be no quick fix for cultural 
eutrophication. In 1982, when TRPA adopted threshold stan- 
dards, it prefaced them with a statement saying that some 
environmental components, including water quality, were 
likely to get worse before they got better. The threshold stan- 
dards and the subsequent regional plan contained objectives 
and programs to control nutrient loads to Lake Tahoe from 
runoff, fertilizer, damage to wetlands, and airborne sources. 

During the 1980s, the state and regional agencies contin- 
ued to refine the conceptual model, and to study and moni- 
tor water quality at both surface water and groundwater 
sampling sites (figure 8), as well as atmospheric contributions 
of nutrients. This monitoring system is relatively extensive 
throughout the Basin. In 1988, TRPA amended the state- and 
federally-approved water-quality management plan (“the 208 
plan”), again introducing an updated conceptual model re- 
lated to water quality. 

Although those interested in protecting Lake Tahoe’s wa- 
ter quality knew that runoff, particularly from urbanized ar- 
eas, carried higher-than-natural loads of nutrients and 
stimulated algal production in Lake Tahoe, there was much 
debate as to what, exactly, in the watershed caused these prob- 
lems. In the 208 plan amendments, TRPA emphasized that 
both empirical and experimental evidence indicated that the 
natural watershed normally released very few nutrients to 
the lake. Urbanization, TRPA said, “short-circuited” the 
watershed’s natural functions, causing both the accelerated 
release of nutrients from the watershed and the diminution 
of its cleansing capacity. 

Thus, from the beginnings of concern for Lake Tahoe’s 
water quality in the 1950s, to the present time, the working 
hydrologic models of Lake Tahoe and its watershed evolved. 
Starting with a concern for controlling algal stimulation from 
sewage, the model grew to include concern for atmospheric 
sources of nutrients, erosion and runoff from land-use prac- 
tices, and hydrologic modifications and acceleration of natu- 
ral watershed processes. Research continues by a number of 
groups, including the U.S. Geological Survey (USGS), Uni- 
versity of Nevada, USFS, TRG, and others. Through these 


studies we will continue to learn more about the functional 
links between the atmosphere and the terrestrial watershed 
to the lake. 


Human History and Use 


The Lake Tahoe Basin has a long history of human use and 
misuse. Such settings of great physical beauty often evoke 
passionate human responses from both conservation and ex- 
ploitation perspectives. With a long history of Native Ameri- 
can occupance and a relatively brief but extraordinarily 
resource-extractive association with early settlers, the Basin 
has been both enshrined and desecrated. “A fundamental 
question arose early in Tahoe’s history that continues unan- 
swered to this day: to whom does Tahoe belong, and how 
should it be used?” (Strong 1984, p xiv). 

Humans have been an integral part of the Lake Tahoe Ba- 
sin ecosystem for at least the last 8,000 years. In the broadest 
terms, the archaeological signature of the Lake Tahoe Basin 
marks a trend from hunting-based societies in earlier times 
to populations that were increasingly reliant upon diverse 
resources by the time of historic contact (Elston 1982; Elston 
et al. 1977; Elston et al. 1994). The shift in lifeways may be 
attributed partially to factors involving changes in climate 
and population, and a shifting subsistence base. The Pre-Ar- 
chaic lifeway (prior to 7,000 years ago) involved sparse popu- 
lations, high residential mobility, and non-intensive plant food 
processing and storage. Pre-Archaic sites are nearly absent 
in the Lake Tahoe Basin and reflect the incipient occupation 
of the area soon after the retreat of Sierra Nevada glaciers 
14,000 to 10,000 years ago. 

During the succeeding Archaic lifeway (within the last 7,000 
years), prehistoric populations increasingly exerted their in- 
fluence in altering the landscape and affecting fauna and flora 
through a gradual decrease in overall mobility, increased land- 
use diversity, a broadened diet, and intensified resource pro- 
curement. This period is correlated with mid-Holocene 
warmth and prolonged drought, punctuated by intervals of 
increased moisture. Extreme aridity prior to 5,000 years ago 
(and more recently around 700 and 500 years ago) is marked 
by tree stumps submerged far below the current shoreline of 
Lake Tahoe and other nearby lakes (Lindstrém 1985 1990; 
Lindstr6ém and Bloomer 1994; Lindstrém appendix 7.1). 
Changing environments imposed critical limits on prehistoric 
land use, allowing for year-round residence in the Basin at 
some times and prohibiting even seasonal occupation during 
other time periods. It is conceivable that even during severe 
droughts, Lake Tahoe and its tributary lakes and streams could 
have sustained resource-rich habitats, especially relative to 
the desiccated lowlands. Persistent droughts may have 
stressed lowland habitats and resulted in population 
“squeezes.” Meanwhile, ameliorated climates in the uplands 
may have opened new subsistence-settlement opportunities, 
as groups expanded their seasonal circuits and intensified use 
of the highcountry. Such population shifts or expansions are 
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Map scale 1:360,000 SNEP GIS, June 14, 1995 


FIGURE 8 


Hydrological monitoring sites in the Lake Tahoe Basin, 1995. (SNEP GIS project). 


233 


Lake Tahoe Case Study 


reflected archaeologically in the location and composition of 
upland sites. More intensive and long-term use of the Lake 
Tahoe Basin uplands during dry (i.e., xeric) intervals within 
the last 1,000 years is tentatively documented (Lindstrém 1982, 
Lindstrém and Bloomer 1994). 

The last 1,300 years of the Archaic period may represent 
the initial phase of the Washoe ethnographic pattern and the 
onset of their long tenure in their known area of historic oc- 
cupation. Nearly 75% of the tested archaeological remains in 
the Lake Tahoe Basin represent this latter period of human 
history (Elston et al. 1994), and it is reasonable to conclude 
that most of the anthropogenic effects on the Lake Tahoe Ba- 
sin landscape date from this time period. 

Washoe territory extended along the eastern Sierra Nevada 
front from Honey Lake to the north, south to Topaz Lake, east- 
ward to the Virginia Range, and westward into the western 
Sierra Nevada foothills. The Lake Tahoe Basin held a central 
place in the Washoe economic and spiritual world. Washoe 
culture, residential patterns, social structure, subsistence, and 
religion have been studied by ethnographers over the past 
eighty years in an effort to reconstruct pre-contact patterns 
(Barrett 1917, Dangberg 1918-1922, d’Azevedo 1956, 1971, 
1985, 1986a, 1986b, 1991, 1993, Downs 1961, 1971a, 1971b, 1966; 
Freed 1963, 1966; Freed and Freed 1963a, 1963b; Lowie 1939; 
Nevers 1976; Siskin 1983; Price 1963a, 1963b, 1980). Most re- 
cently, Rucks (1995) reviewed literature relevant to Washoe 
ground stone-milling technology and discussed residential 
mobility, egalitarian social structure, land and resource own- 
ership and sharing, resource management, and Washoe world 
view in relation to their potential effects on the Lake Tahoe 
Basin ecosystem. 

The pre-contact Washoe were hunter-gatherer people. 
While fish were the single most abundant and predictable 
staple in the diet (d’Azevedo 1980; Lindstrém 1992), with 
pifion pine and acorn providing important storable winter 
foods, the Washoe were dependent upon a vast array of plant 
and animal life from a varied and diverse ecosystem. The 
deliberate management of wild plant and animal resources 
and their habitats, in order to enhance their quality and quan- 
tity, is a practice not typically attributed to hunter-gatherers. 
Yet, recent research provides compelling evidence for signifi- 
cant levels of resource manipulation by hunter-gatherer popu- 
lations. Horticultural practices such as burning, weeding, 
pruning, copicing, and selective harvest, were major elements 
of tribal subsistence strategies (Anderson 1993; Anderson and 
Nabhan 1991; Blackburn and Anderson 1993; Fowler 1994; 
McCarthy 1993; Rucks 1995). Furthermore, these horticul- 
tural practices were augmented by the generative and con- 
straining power of human language, ideology, religion and 
world view. The mental culture was as dynamic a part of the 
human environment as optimal economic choice. Both realms 
exerted selective pressure over the consequences of human 
resource exploitation and management. 

The degree to which the Washoe engaged in a highly inter- 
active system that actually changed floral and faunal patterns 


over time requires further research. The detection of anthro- 
pogenically altered landscapes in the Lake Tahoe region is 
made difficult by relatively lower indigenous population den- 
sities at higher elevations than in the adjoining foothills and, 
perhaps, by the higher incidence of lightning-caused fires here 
in relation to human-set fires. However, it is clear that Washoe 
natural resource manipulation was extensive, continual and 
sustained over a 1,300-year period, and that it integrated cul- 
tural traditions and beliefs (Rucks 1995). Washoe ideology 
incorporates ethics for sharing resources with a spiritual con- 
nection to and responsibility for the land, plants, and animals 
(Rucks 1995). For the Washoe, harvesting entails ritual that 
demonstrates respect and gratitude for the resource, while 
their conservation practices help ensure a sustained yield in 
years to come. 

The Lake Tahoe region encountered by early settlers had 
been subject to Washoe land use for at least 1,300 years. How- 
ever, early settlers viewed indigenous land management as 
creating, according to their perceptions, a “natural, un-im- 
proved, and un-owned landscape.” Lacking agriculture per 
se, the Washoe were perceived as passive in their relation- 
ship with the environment. Over-emphasis of Washoe tech- 
nological and social simplicity and conservatism, residential 
mobility and impermanence, egalitarian social structure, and 
lack of private ownership has been used through time to jus- 
tify taking land and resources from people that never “owned” 
them in the first place. While the Washoe were a relatively 
informal and flexible political collectivity, Washoe ethnogra- 
phy suggests a level of technological specialization and so- 
cial complexity uncharacteristic of their surrounding 
neighbors in the Great Basin. Sedentism and higher popula- 
tion densities, concepts of private property, and communal 
labor and ownership may have developed in conjunction with 
their residential and subsistence resource stability (d’Azevedo 
1986a; Lindstrém 1992). 

After European contact ca. 1848, the Washoe were largely 
displaced from their traditional camps and fishing grounds. 
However, families continued to trek to the lake, gathering 
seeds, making baskets, speaking their language, and raising 
their children. They negotiated living arrangements with the 
dairies, logging operators, and resorts, working as domes- 
tics, laborers and game guides, and as such maintaining a rem- 
nant of their past lifeway and culture while their leaders 
continued to struggle for political and social reforms and re- 
quest land and protection for their resources. After the pas- 
sage of the General Allotment Act of 1887, 160 acre (65 ha) 
plots “scattered ... in the most desolate and waterless sections 
of the Pinenut Range, or elsewhere on lands not already 
claimed by white settlers” were granted to individual Washoe 
(d’Azevedo 1993). Although lands around Lake Tahoe and 
in fertile valley floors had been petitioned, none were included 
in the land allotment. A few decades later, the tribe’s corpo- 
rate charter was ratified (1936), a Tribal Council formed, and 
a constitution adopted, thus achieving federal recognition 
under the provision of the Indian Reorganization Act of 1934. 
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In 1970 the tribe’s land claims case, initiated in 1951, was fi- 
nally settled, awarding them approximately $5 million of the 
$42.3 million in funds requested as compensation for their 
lost homeland of approximately 10,000 square miles surround- 
ing the Lake Tahoe Basin. The federal government described 
the loss of the Washoe’s lands as encroachment, with sub- 
stantial evidence that the Nevada portion of their territory 
was overrun by miners, settlers and others with the approval 
of the United States government; by the end of 1862, the tribe 
had lost all ot its lands due to encroachment (U.S. Indian 
Claims Commission, 1959-1970). 


Euro-American Era 


The European culture superimposed upon the existing Lake 
Tahoe Basin ecosystem during the mid-ninteenth century 
stands in sharp contrast to indigenous land-use practices. 
Comstock-era logging and water management, sheep graz- 
ing, and a booming recreational economy within the last 150 
years resulted in disruption of the landscape. Between the 
1840s and 1880s, early settlers largely displaced the Washoe 
and their traditional land-use practices from the Lake Tahoe 
Basin. Although the period of contact can be said to have 
begun with Fremont’s sighting of Lake Tahoe in 1844, there 
was no significant presence in the Basin until the Comstock 
Lode silver discovery of 1859 (the California Gold Rush of 
1849-50 having been confined almost entirely to lower eleva- 
tions on the western slope of the Sierra Nevada). Impacts 
were immediate and dramatic. The mines of western Nevada 
promised great wealth, but the surrounding terrain offered 
neither water nor timber. The Lake Tahoe Basin, a mere 24 
km (15 mi) to the west, offered a seemingly endless supply of 
both. Early settlers, with their western ideology, viewed the 
Basin as a God-given resource waiting to be tapped. The July 
7, 1859 Alta California, a San Francisco daily newspaper, 
boasted “at present, the timber and lumber capabilities of the 
borders of Lake Tahoe seem illimitable (Goin 1992).” The lake 
and its environs were assessed primarily in terms of their eco- 
nomic output. Raymond (1992) writes, “changes that would 
be deplored today, such as clear-cutting slopes for timber, were 
acclaimed by a nineteenth-century society that celebrated 
human dominion over nature.” 


Timber Harvest 


During the Comstock era from 1859 largely through the 1880s, 
large amounts of lumber were needed for the construction 
and operation of the Virginia City mines. It has been said 
that the mines of the Comstock Lode are literally the tombs 
of the Sierra Nevada forests (Lord 1883). Although logging 
extended from the east slopes of the Carson Range and south 
through the Carson River watershed, these areas were rap- 
idly depleted of their timber and harvesting was directed to 
the Lake Tahoe Basin. About two-third’s of the Basin’s forest 
were cut between 1860 and 1930, and the most accessible for- 
ests were extensively logged (Robert Harris, LTBMU, SUFS, 


South Lake Tahoe, CA, 1996, personal communication). By 
1861, a large mill was operating at Glenbrook on Lake Tahoe’s 
eastern shore. Cutting spread to the north and south shores, 
and finally to the west side. Large-scale timber operations 
began after 1867 with the invention of the V-flume system for 
transporting wood to staging areas. The 1869 completion of 
the transcontinental railroad, which had arrived in Truckee 
in 1868, also created additional demand for timber (Strong 
1984; Raymond 1992). With the technology of mills, railroads, 
and flumes, loggers transported 33 million board feet per year 
to lumber yards in the Carson City and Virginia City area. 
During peak periods, as much as 72 million board feet of Lake 
Tahoe Basin lumber were milled annually (Eissmann 1990). 
In a 20-year period, loggers took about $80 million worth of 
lumber from the Basin. The Carson and Tahoe Lumber and 
Fluming Company produced 750 million board feet and one- 
half million cords of firewood between 1873 and 1898 alone. 

As this demand for lumber increased, systematic lumber- 
ing quickly took its toll on forest resources. The result was 
“virtual deforestation of large portions of the Tahoe Basin by 
the 1890’s” (Raymond 1992, p 15). By 1898, the last of the 
Comstock era mills had closed for lack of available wood, leav- 
ing behind a drastically altered ecosystem (Raymond 1992). 
Jeffrey pine and sugar pine were targeted and the resulting 
second growth forest, increasingly dominated by white fir, 
was a prelude to today’s dying stands. 

This deforestation is documented in the forest surveys con- 
ducted in the early twentieth century (Sudworth 1900; Leiberg 
1902) (figures 9 and 10). Both the Sudworth and Leiberg sur- 
veys covered portions of the Lake Tahoe Basin (McKelvey and 
Johnston 1992), with Leiberg’s (1902) work concentrated in 
portions of the northern Basin in Forest Reserves, and 
Sudworth’s (1900) work in those areas that were portions of 
the southern and eastern forests. The extensive timber re- 
moval they documented suggests that both mammals and 
birds needing a structurally complex (i.e., with numerous 
large downed trees, snags, and deep litter) or closed forest 
may have become locally extinct, or at least population sizes 
decreased dramatically. 


Commercial Fishing 


Commercial fishing began in Lake Tahoe with the opening of 
the Comstock mines in 1859. The Carson Valley and Virginia 
City were the initial markets. Later, San Francisco, Chicago, 
and New York imported fish from Lake Tahoe. In the 1870s, 
about twenty-five operators fished Lake Tahoe in the sum- 
mer, and the Washoe also fished in the Upper Truckee River 
and other tributaries to Lake Tahoe. As early as 1856, a pri- 
vate hatchery at Tahoe City and later two hatcheries of the 
California Fish Commission produced fry for Lake Tahoe. As 
an example of the volume of commercial fishing that occurred 
here, in October 1880, operators took 70,000 pounds of trout 
from Lake Tahoe. By 1904, eighty fishing boats worked the 
lake. 

By the time that the California legislature banned commer- 
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FIGURE 9 


Looking north at the Comstock Fluming operation in 1876. 
Elevation 7,200 feet. Location Spooner Summit, Carson 
City Rural Area, Nevada. Nearly all trees in the lightly 
stocked presettlement stands had been cut. Note conifer 
reproduction. Photography taken by C. E. Watkins, with 
credits to the Nevada State Railroad Museum. Contributed 
by George E. Gruell. 


cial fishing in the Lake Tahoe Basin in 1917, the fishery was 
severely depleted (Strong 1984; Hinkle and Hinkle 1949). The 
cutthroat trout population has never recovered from the heavy 
fishing of the Comstock era. In addition, dam construction, 
disturbance of spawning grounds and obstruction of spawn- 
ing runs, pollution of streams with sawdust, exotic disease, 


FIGURE 10 


Repeat photograph on August 21, 1992 of Figure 9 site on 
Spooner Summit. Photo taken from the only opening in the 
vicinity of the original camera point that afforded a reason- 
ably clear view. State Highway 50 bisects the midground. 
Densely stocked second growth Jeffrey pine is dominant on 
the southerly slope. Photo taken and contributed by 
George E. Gruell. 


and competition from introduced species almost sealed the 
demise of the native cutthroat trout by 1938 (Townley 1980; 
Lindstr6m 1992). 


Grazing 


Along with logging and fishing, grazing was also a compo- 
nent of the resource extraction system in the early years. In 
the early part of the Comstock era, commercial hay produc- 
tion reached over 800 tons annually. Thousands of head of 
livestock were driven through the Basin to market in Virginia 
City. At least thirteen commercial dairies also operated at 
Lake Tahoe in the 1870s, making use of all the Basin’s mead- 
ows (Hinkle and Hinkle 1949; Strong 1980). Thousands of 
sheep were grazed extensively within the Basin for a period 
that extended forty years after the Comstock era. Washoe 
elders who continue to gather basket materials, berries and 
medicinal plants on Basin lands relate that sheep are particu- 
larly remembered as the final blow to valued plant resources 
in the Basin. From 1865 through the 1890s, millions of sheep 
were trailed from California to the mining camps of the Great 
Basin and railheads in the plains (Douglass and Bilbao 1975). 
Bands averaged 1,000-1,500 ewes (Mallea-Olaetxe 1992). 

In his forest inventories, Sudworth (1900) also noted that 
sheep grazing in the Lake Tahoe Basin was ubiquitous, and 
that in some areas all of the grass and shrubs had been con- 
sumed by sheep. The spatial pattern is noted by Sudworth as 
follows: “Excepting in high mountain meadows, all of which 
are fenced and which are grazed by cattle, the principal for- 
age for sheep and cattle on the open forest range consists of a 
few hardy shrubs and low broad-leaf trees. There are practi- 
cally no grasses or other herbaceous plants. The forest floor 
is clean. The writer can attest the inconvenience of this total 
lack of grass forage, for in traveling over nearly 3,000,000 acres 
not a single day’s feed for saddle and pack animals was se- 
cured on the open range.” (Sudworth 1900, pp. 554-555). 

Grazing and trampling by sheep greatly reduced tree re- 
generation. In many cases, areas that were difficult or im- 
possible to reach by cattle and sheep had abundant tree 
regeneration, but healthy, regenerating forests were the ex- 
ception basin-wide (Sudworth 1900). Fires set by sheep herd- 
ers also affected the response of these systems to grazing. It 
was common for sheep herders to set fire to high-elevation 
meadows and shrublands when they left for the year 
(Sudworth 1900). The herders also burned many large 
downed trees, since they were viewed as an obstruction to 
the herds: “Fallen timber forms troublesome barriers to driv- 
ing sheep along regular routes and the herders set fire to these 
logs, usually as they are leaving ‘fed out’ range, in order that 
the way may be open on their return. No less than seventeen 
such fires of this kind were found on the trail of one band of 
sheep, covering a distance of 10 miles.” (Sudworth 1900, pp. 
555-556) 

Fires of this frequency and extent certainly affected these 
ecosystems. Regeneration of all plants would be difficult in 
such a fire regime since establishment would be almost im- 
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possible unless the plants were in protected, isolated areas. 
The season of burning by the herders also would have a large 
impact on these systems. Fires did occur during diverse sea- 
sons pre-historically, but the compression of most fires to a 
limited season would adversely affect the biodiversity of the 
Basin. 

Intensive sheep grazing of Basin meadows and slopes 
cleared of their forests by Comstock-era logging continued in 
the 1920s and 1930s (J.Mallea Olaetxe, personal communica- 
tion 1993). Grazing after the 1930s was continued by grazing 
allotments, with each permittee having access to a specific 
range normally not shared with others. 

The Lake Tahoe Basin’s strategic proximity to both the 
Mother Lode and the Comstock Lode further promoted re- 
lated development in transportation infrastructure, market 
hunting and fishing, tourism, and urban development, which 
brought profound changes in the Basin’s ecosystem. During 
the Comstock era, multiple streams were channeled and their 
water diverted to flumes for transport of logs downstream. 
Miles and miles of flumes were constructed to move cordwood 
to Glenbrook and lumber from Spooner. The impacts of this 
activity on stream resources is not well documented. 


Water Resources 


After the Comstock Lode silver boom collapsed, water re- 
sources provided the next natural resource of great economic 
value. Pursuit of out-of-basin, alternative uses of Lake Tahoe’s 
water posed a subsequently serious threat to the ecosystem. 
The lake itself is a vast reservoir situated at the edge of the 
Great Basin, and its high elevation offered unique opportuni- 
ties for gravity-flow diversions to nearby desert lands. 

Early out-of-basin diversions were constructed at Echo and 
Marlette lakes. The Echo Lake diversion on the west side of 
the Basin, constructed in 1876 by a company that was a pre- 
decessor to the Pacific Gas and Electric Company, tunneled 
water under the Sierra Nevada crest to the American River 
Basin, augmenting supplies to the western Sierra Nevada foot- 
hills and Sacramento. The Marlette Lake diversion on the 
east side of the Basin, an inverted siphon constructed in 1873, 
delivered 6,600,000 gallons per day to the mines of Virginia 
City (Department of Water Resources 1991). 

An example of human attempts to control water resources 
can be found in the efforts to turn Lake Tahoe into a reservoir 
for Virginia City or San Francisco, an idea put forward by 
Colonel Von Schmidt. Recognizing the agricultural potential 
of western Nevada’s desert lands, Senator Francis G. 
Newlands pursued construction of anew dam at Lake Tahoe’s 
outlet along the northern shore to ensure a constant water 
supply into Nevada for irrigation purposes, thus opening hun- 
dreds of thousands of acres for irrigation downstream. His 
efforts culminated in the passage of the Federal Reclamation 
Act of 1902, and, ultimately, construction of the Newlands 
Project. The Bureau of Reclamation aimed to encourage settle- 
ment and economic development of the west by providing 
sufficient water to “make the desert bloom.” Nevada’s 


Newlands Project, the first major project completed under the 
authority of the Reclamation Act, remains the single largest 
appropriator of Lake Tahoe Basin water today. Construction 
of this dam converted Lake Tahoe into a draw-down reser- 
voir. Later efforts (ca. 1938) by Nevada to receive permission 
to tunnel through the Carson Range to obtain Lake Tahoe’s 
water were never approved. 

In 1969, California and Nevada agreed to the Interstate 
Compact on the Truckee, Walker, and Carson River systems, 
which limited water withdrawals for use in the Lake Tahoe 
Basin. Although the U.S. Congress never ratified the com- 
pact, it remains in effect as a policy agreement between the 
two states. As a result of litigation in federal court over wa- 
ter use and water rights in the Truckee River system, the court 
appointed a federal water master to manage the dam at the 
outlet to the Truckee River at Tahoe City. The reservoir por- 
tion of Lake Tahoe above the elevation of 1,897 m (6,223 ft) 
asl remains an important source of water for the Truckee- 
Carson Irrigation District and the Reno-Sparks area. A fed- 
eral statute which allotted Truckee River water was passed in 
1991, however, implementation of the bill is still the subject 
of review. 

The Lake Tahoe Basin’s incredible wealth of various water 
resources and its strategic proximity to other resources and 
amenities justified the investment of a significant amount of 
capital in transportation to and through the Basin. The 
Placerville Road was constructed between Placerville and 
Virginia City in the 1850s and followed earlier emigrant and 
wagon routes through the Basin. The opening of the Central 
Pacific Railroad in 1868, with connections to the lake’s 
northshore by stage in the 1860s and by rail in 1900 (Lake 
Tahoe Railway and Transportation Company) fostered tour- 
ism and promoted the development of year-round commu- 
nities even after the demise of timber harvesting and grazing 
activities. In addition, with the difficulty of overland travel 
within the Lake Tahoe Basin, steamships became a key part 
of the transportation network as early as 1864. 


Conservation Ethic 


While resource extraction was taking its toll on the Basin 
around the turn of the century, the United States was also 
witnessing the beginnings of a conservation ethic. Prior to 
the 1890s, popular culture had largely maintained the early 
Judeo-Christian ethic of wilderness as an evil, dark, forebod- 
ing menace that needed to be tamed by humankind before its 
fruits could be harvested. With the onset of a conservation 
ethic, a new philosophy emerged wherein the natural envi- 
ronment could be appreciated (Nash 1982). This emergent 
philosophy of conservation of natural and scenic resources, 
promoted by the likes of Emerson, Thoreau, and Muir, quickly 
came to play a major role in the public’s perceptions of, and 
attitudes toward Lake Tahoe. Increasingly, the Lake Tahoe 
Basin was being viewed as a resource to be preserved rather 
than exploited. 

Although the resource exploitation ethic remained domi- 
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nant during the latter half of the nineteenth century, there 
was a notable increase in popular support for resource pres- 
ervation, particularly with respect to scenic quality. As early 
as 1859, the San Francisco press was reporting that Lake Tahoe 
would soon become beyond all doubt, one of the most inter- 
esting and agreeable resorts for pleasure and amusement on 
the borders of the Pacific. Perhaps the most frequently cited 
summation of Lake Tahoe’s beauty came in 1861 when a 
young Mark Twain wrote ”.. at last the Lake burst upon us— 
a noble sheet of blue water lifted six thousand three hundred 
feet above the level of the sea, and walled in by a rim of snow- 
clad mountain peaks that towered aloft full three thousand 
feet higher still! As I lay there with shadows of the moun- 
tains brilliantly photographed upon its still surface, I thought 
it must surely be the fairest picture the whole earth affords.” 
(Twain, 1861 pp. 120-121) 

The late 1800s saw a steady increase in the public’s percep- 
tion of Lake Tahoe as a recreational resource. Early lakefront 
resorts flourished at Tahoe City, Glenbrook and Tallac. In 1900, 
the Lake Tahoe Railway opened between Truckee and Tahoe 
City, allowing wealthy San Francisco residents to travel to 
the shores of Lake Tahoe in less than nine hours (Scott 1957). 
From Tahoe City, the luxurious steamer Tahoe ferried passen- 
gers around the lake to ports at Carnelian Bay, Brockway, 
Glenbrook, Tallac, and Emerald Bay. In ever increasing num- 
bers, these visitors helped establish a new direction in Ameri- 
can tourism. Historian John Sears describes this new direction 
with a melding of recreational tourism and the wilderness 
ethic as playing an important role in shaping a new Ameri- 
can identity. “People visited famed natural sites as if they 
were shrines, where solemn reflection and adoration were the 
prescribed responses. In this regard, Tahoe was no excep- 
tion. Nineteenth century tourists came to the Lake to experi- 
ence its restorative powers, to see its sights, and to be 
spiritually uplifted amidst its well known beauties” (Sears 
1989). 

For much of the next century, the name Lake Tahoe would 
become increasingly associated with both the beauty of natu- 
ral landscapes and recreational tourism. As a result, there 
was a pronounced popular and political movement to set aside 
lands for the enjoyment of future generations. In 1883, the 
California legislature created the Lake Bigler Forestry Com- 
mission to specifically address the problems of over-harvest- 
ing of timber in the Lake Tahoe Basin. The study called for 
the protection of the lake and its surrounding land for tour- 
ism. The commission also called for the creation of a park, to 
be formed by the transfer of state, federal, and private land to 
the State of California. Objections to land transfers that would 
ultimately profit the Central Pacific Railroad prevented fur- 
ther action to create protection for the Lake Tahoe Basin (Pisani 
1977). Further protective legislation followed in 1889 and 
again in 1894 which prohibited sawdust dumping in streams 
and lakes. The federal presence at Lake Tahoe changed in 
1899 when 15,198 ha (37,550 ac) were set aside from the pub- 
lic domain by presidential proclamation as the Tahoe Forest 


Reserve, areas where the resources—timber, watershed, and 
forage were to be used but not to the detriment of the reserve 
itself. Forest Reserves were transferred in 1905 from the De- 
partment of the Interior to the Department of Agriculture, 
where the Bureau of Forestry became the U.S. Forest Service. 
In 1907 forest reserves were renamed national forests (Steen 
1992). From this modest beginning, today the three national 
forests, Eldorado, Tahoe, and Toiyabe make up 77% of the 
Lake Tahoe Basin land area. Three distinct efforts to desig- 
nate the Basin a national park were also pursued unsuccess- 
fully in 1900, 1912, and 1918. 

The high percentage of ownership and development on 
private lands in the Basin dramatically changed land-use pat- 
terns in the Lake Tahoe Basin after 1900, especially with re- 
gard to increased recreation through the promotion of 
camping, hunting, fishing, winter sports activities, and the 
construction of summer homes (Beesley 1995; Markley and 
Meisenbach 1995). Large tracts of land remained privately- 
owned, particularly along the lakeshore, until the USFS be- 
gan acquiring tracts in the 1930s. 


Tourism and Recreation 


Lake Tahoe represented an idyllic vacation getaway to an ever 
more mobile and affluent society. The first passable road 
around the lake was completed in 1935. Having severely de- 
pleted timber resources, landowners were quick to capitalize 
on the automobile and the new economic opportunity recre- 
ation provided. San Francisco newspapers proclaimed that 
Lake Tahoe would soon become a popular destination resort 
for thousands of vacationers. Author Douglas Strong sum- 
marizes the sentiment of the day by quoting an editorial in 
the Call, “...until now there has been no systematic exploita- 
tion of the real estate of the Lake shore. California (has) a 
duty to open the Lake Tahoe region to people from less fa- 
vored regions.” (Strong 1984, p. 39) 

In the early part of the twentieth century, recreational tour- 
ism remained the domain of the wealthy elite. Transporta- 
tion was primarily by train or boat, and travel time was often 
lengthy (Nash 1982). At Lake Tahoe, summer resorts and 
small subdivisions characterized urban development from the 
turn of the century through World War II. Following the war, 
however, California’s population boomed, and the middle 
class expanded at an unprecedented rate. Private automo- 
biles became available to large numbers of people, allowing 
them access to recreational areas that had previously been 
inaccessible. Highway 50 from Sacramento to the south shore 
of Lake Tahoe was completed. At Lake Tahoe, as elsewhere 
in the United States, use of the private automobile led to the 
decline of railroads and steam-powered boats and the prolif- 
eration of roads, roadside attractions, and motor courts. 

Casinos also came into being at this same time. In 1931, 
the Nevada legislature decided to allow open gambling op- 
erations so that gambling could be licensed, taxed, and po- 
liced. Games of chance were permitted and counties were 
authorized to collect a tax. During the 1930s and 1940s, the 
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gambling industry changed rapidly, especially after 1945 
when wartime travel restrictions ended; Las Vegas and Reno’s 
gambling enterprises boomed. At Lake Tahoe’s Stateline and 
North Shore, a number of smaller-scale imitations of the Las 
Vegas gambling clubs came into existence. For example, the 
Wagon Wheel was opened in 1946 along with a number of 
other small clubs. In 1955, William Harrah purchased the 
Gateway Club and opened Harrah’s hotel-casino at Lake 
Tahoe. Harrah’s began year-round operations in 1957, ex- 
panding on what had been a summer business. 

The expansion of winter recreation, culminating in the host- 
ing of the 1960 Winter Olympic Games at Squaw Valley, truly 
fostered the establishment of permanent year-round commu- 
nities in the Lake Tahoe Basin. Seasonal communities of sum- 
mer homes were slowly converted to year-round housing for 
resort employees. Recreational tourism and the expansion of 
a number of casinos both on the south and the north shores 
provided the main sources of local employment. 


Population Growth 


Eventually, what had been the seasonal student labor work 
force, typically single and relatively transient, was replaced 
by amore stable blue collar work force. Public school enroll- 
ment at South Lake Tahoe reflects this increase in population 
and the number of permanent residents in the Basin: 47 stu- 
dents in 1945, 460 in 1955, 4,432 in 1965, 5,145 in 1990, and 
5,717 in 1994 (Strong 1984; Susan O’Connor, Bilingual Pro- 
gram Coordinator, Lake Tahoe Unified School District, tele- 
phone conversation March 15, 1995). 

As Strong states, “No one had proposed or consciously 
planned that the Lake Tahoe Basin become urbanized: but a 
multitude of individual and governmental decisions—and the 
attraction of Tahoe’s scenic wonders—inevitably flooded the 
Basin with people (Strong 1984, p. 197).” In the years between 
1960 and 1980, the Basin’s population grew five-fold and the 
number of houses increased from 500 to 19,000 (Strong 1984). 
By 1970, more than 49,000 subdivided lots had been created 
and hundreds of miles of roads had been built to serve the 
new subdivisions. 

It should be noted that the Washoe pattern of seasonal 
employment in the Basin for resorts, sawmills, and dairies, 
and their independent selling of baskets and other crafts to 
tourists, continued to provide both a living and a means of 
continuing traditional activities in the Basin, including plant 
collection, until after the 1940s. As population in the Basin 
increased in the 1950s, Washoe people felt further alienated 
and excluded by privatization and development, and very 
few continued to visit the area annually, much less use plant 
resources (Rucks 1995). Recently, Washoe people and tribal 
government policies have focused on reestablishing a pres- 
ence at Lake Tahoe, and although they are not residents, they 
must be considered an increasingly vocal stakeholder (Washoe 
Tribal Government 1994). 

The Lake Tahoe Basin’s population appears to be undergo- 
ing demographic changes parallel to those of the United States 


population as a whole, albeit several decades later. The 
ninteenth century population of the Lake Tahoe Basin was 
seasonal and ethnically diverse, thanks to demands for 
French-Canadian lumberjacks, Chinese-American cordwood 
cutters, flumesman, teamsters, and cooks, Basque sheep herd- 
ers, and Washoe domestics, game guides, dairymen and 
haycutters. After this initial period of concentrated resource 
extraction, development of recreational opportunities drew a 
primarily white Euro-American population. Only much later 
in the 1970s did the Basin’s population change once again 
from being primarily white to becoming ethnically diverse, 
with in-migration from Asian and Latin American popula- 
tions among others. Again, school enrollment data clearly 
illustrate this; as recently as 1977, non- and limited-English 
speaking students accounted for only 0.02% of the student 
population, but by 1994, this figure had risen to 17% (Susan 
O’Connor, Bilingual Program Coordinator, Lake Tahoe Uni- 
fied School District, telephone conversation March 15, 1995). 

Today, the Lake Tahoe Basin is home to more than 60,000 
permanent residents. The population is culturally and ethni- 
cally diverse, and an increasingly accurate reflection of the 
U.S. population. In the city of South Lake Tahoe (the Basin’s 
only incorporated city), minorities now account for more than 
35% of the population (U.S. Bureau of the Census 1991), which 
is considered a conservative estimate according to city offi- 
cials. Also, despite a long-standing perception of wealth and 
exclusivity, 63% of the households in South Lake Tahoe qualify 
as low income by federal standards (i.e., defined as earning 
80%, or less, of the county median income). 

The Lake Tahoe Basin economy’s continued evolution from 
one based on resource-extraction to one centered around the 
resource-dependency of recreation brought with it a parallel 
transformation in popular perception of the region. Unlike 
the mining, lumber, and water resource booms of the past, 
the new recreation economy is dependent upon the sustained 
health of the ecosystem. Visitors to the Basin expect a beauti- 
ful environment, and permanent residents and business in- 
terests are increasingly aware of their economic dependence 
on recreation and the visiting public’s perception of a healthy 
environment. By 1990, recreation had developed into a $1 
billion economy employing more than 20,000 people. More 
than 200,000 tourists visit the Basin on peak holidays and visi- 
tor days are estimated to exceed twenty-three million annu- 
ally (Ray Lacey, California Tahoe Conservancy, memo to SNEP, 
February 11, 1995). 

“Tourism in various guises (has) become Tahoe’s principal 
economic asset. Paradoxically, however, the boom has also 
produced a host of new difficulties, in their own ways as dis- 
turbing and disrupting as the conflicts over how and where 
to use the water, or the physical devastation of the lumber- 
ing. Tahoe in the twentieth century has come to be domi- 
nated economically by a tourism industry that depends 
directly upon the landscape. Yet that landscape is increas- 
ingly imperiled by its own successes, by the environmental 
pressure of large numbers of tourists, and the growing popu- 
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lation that exists, at least in part, to serve them” (Raymond 
1992, p. 18). 


Transportation System 


The transportation system within the Basin continues to be 
the focus of improvements. The TRPA is charged by its Com- 
pact to develop a transportation plan for the Lake Tahoe re- 
gion. This plan is to integrate all the elements of a regional 
transportation system. The TRPA is designated as the Re- 
gional Transportation Planning Agency (RTPA) for the state 
of California within the Lake Tahoe region. As the RTPA, 
TRPA is required to revise or update a regional transporta- 
tion plan every two years. 

The Compact also states that the goal of transporation plan- 
ning shall be to reduce, to the extent feasible, air pollution 
which is caused by motor vehicles. Transportation and air 
quality planning by TRPA is for the express purpose of at- 
taining or maintaining the applicable federal, state, local, and 
TRPA threshold standards for transportation and air quality. 
Although recent data show attainment with the National 
Ambient Air Quality Standard for carbon monoxide (CO), the 
Lake Tahoe region is still considered a non-attainment area 
for CO until a maintenance plan is completed and imple- 
mented. The California and TRPA standards for CO have been 
exceeded, but 1995 data show a large improvement, and the 
possibility of attainment. Violations of ozone standards oc- 
cur at times, but are not consistent. The region is currently 
classified as non-attainment-transitional for the California 
one-hour standard. The TRPA adopted an integrated Regional 
Transportation Plan-Air Quality Plan which addresses these 
issues. 

Serving the resident and visitor populations are both pub- 
lic and private transportation systems that include bus tran- 
sit, shuttles, demand-responsive transportation services, air 
transportation services, and a local and regional highway 
network. The main feature of the transportation system in 
the region is a network of state and federal highways that 
surrounds Lake Tahoe, with seven primary entrances from 
outside the region. The majority of traffic to the region is 
from California, with most of the traffic travelling U.S. High- 
way 50 to reach the area on the south shore. A single high- 
way circles the lake. In many areas, expansion of the highway 
system is constrained by natural features and environmental 
concerns. The region experiences lengthy periods of traffic 
congestion along U.S. Highway 50 on the south shore, and 
on California Highway routes 28 and 89 near Tahoe City on 
the north shore. 

The Lake Tahoe region is also served by the South Lake 
Tahoe Airport. Portions of the region are served by bicycle 
facilities and water-borne excursion services. Several private 
shuttle systems are in operation to serve recreational uses. 
Public transit is provided on the north shore of the region by 
the Tahoe Area Regional Transit bus system, which is oper- 
ated by Placer County. Public transit on the south shore is 
provided by the city of South Lake Tahoe, which contracts 


the operation of the South Tahoe Area Ground Express tran- 
sit system. 

The Regional Planning Compact also created the Tahoe 
Transportation District (TTD). The TTD was given the re- 
sponsibility for implementing transportation plans and pro- 
grams developed by TRPA. The TTD may acquire, own, and 
operate public transportation systems serving the Lake Tahoe 
region and provide access to convenient transportation ter- 
minals outside of the region. The TTD is governed by a board 
of directors representing the counties within the region, the 
city of South Lake Tahoe, and the Directors of both the Cali- 
fornia Department of Transportation (Caltrans) and the Ne- 
vada Division of Transportation (NDOT). 

For recent planning projects, TRPA has been utilizing a 
public-private partnership approach to assist in achieving 
environmental benefits. Examples of this would be the de- 
velopment of the Coordinated Transit System on the south 
shore, assisting with the implementation of the trolley sys- 
tems on both the north and south shores, and facilitating 
completion of the Lake Tahoe Bikeway 2000. By working with 
local groups, both public and private, these programs are more 
easily implemented. 

Despite these apparent conflicts between use and environ- 
mental protection, there is reason to be encouraged. The 
emerging alliance between recreational tourism and a sus- 
tainable economy has brought a renewed understanding of 
environmental interdependence. Environmental protection 
measures adopted by TRPA have sought to incorporate prin- 
ciples of carrying capacity and ecosystem management. In- 
deed, the most basic tenets of TRPA policies revolve around 
“the carrying capacity of the land in the Tahoe Basin in rela- 
tion to its ability to tolerate use without sustaining perma- 
nent damage” (Strong 1984, p. 199). No less importantly, 
publicly mandated programs in both California and Nevada 
are acting to carry forward these policies. Programs initiated 
pursuant to the California Lake Tahoe Acquisitions Bond Act, 
the Nevada Tahoe Basin Act (both approved by voters), and 
the federal Santini-Burton Act are collectively seeking to en- 
sure a balance between public and private uses through the 
acquisition and restoration of sensitive lands throughout the 
Basin. 

Precedent-setting codes established by TRPA and acquisi- 
tion and restoration strategies implemented by the USFS, CTC, 
and Nevada Division of State Lands, have not only shaped 
resource protection and development policy, they have also 
heightened public awareness. Today, residents and visitors 
seem to be at least somewhat aware of the delicate balance of 
their immediate environment, and recognize both the social 
and economic benefits of maintaining those balances for fu- 
ture generations. As stated by Raymond (1992, p. 21): “For 
modern residents, the dilemma is a serious one. If Tahoe no 
longer offers visitors the chance to experience untrammeled 
nature, or some reasonable facsimile thereof, then all the rec- 
reational variety offered by casinos and ski runs may be in- 
sufficient to sustain its tourist economy.” 
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Emerging Socio-Political Vision 


Upon contact with the early settlers, the Washoe lifeway was 
irrevocably changed in the Lake Tahoe Basin. Although the 
Washoe vigorously defended their fishing rights (Downs 
1966), and protested the loss of their land base, their claim to 
any portion of the Basin was subservient to the now domi- 
nant foreign culture. 

Confrontation over appropriate, uses of the Basin can be 
traced to the beginning of the era when logging was opposed 
by conservationists. Through the latter half of the nineteenth 
century and the twentieth century, environmental issues be- 
came increasingly polarized: resource extraction versus con- 
servation; development versus protection of water quality; 
livestock grazing versus watershed protection; local versus 
state versus federal; and public versus private interests. Ad- 
ministrative responsibilities between the two states, counties, 
federal and state agencies, and public and private lands frag- 
mented the ability to deal with issues in a cohesive manner. 
These tensions led to the realization that Lake Tahoe’s prob- 
lems needed to be addressed regionally, and ultimately played 
a role in the creation of TRPA, as well as a number of well- 
defined special interest groups. 

The USFS began its first land-use planning for national for- 
est lands in 1950. The first cross-jurisdictional land-use plan- 
ning effort designed to address the use and preservation of 
the many valued ecosystem components was the Lake Tahoe 
Regional Planning Compact, adopted in 1969 and revised in 
1980 by the states of California and Nevada with the consent 
of the United States Congress. The Compact identified the 
need to create a balance between the natural environment and 
human use of the Basin. Under the Compact, city, county, 
state, and federal governments came together to collectively 
address land-use planning, environmental regulation, and 
ecosystem restoration and monitoring. 

The early years under the Compact can best be character- 
ized as a period of controversy and crisis, with tensions and 
acrimony among the many parties. After much debate and 
discussion, the plan was approved, but only after many de- 
lays and federal pressure. The early Compact was ineffective 
in stemming the tide of development already underway, and 
contained near fatal flaws of (1) a dual majority® of both states 
for denial of a project and (2) a sixty-day automatic approval 
provision if TRPA failed to act, without TRPA conditons. 

Subsequent to the initial adoption of the Compact, the fed- 
eral Lake Tahoe environmental assessment (Western Federal 
Regional Council Interagency Task Force 1979) demonstrated 
that the Basin’s environmental quality had measurably de- 
clined between 1970 and 1978. This degradation occurred 
even though environmental mitigations had been imple- 
mented for new projects, and indicated that it was not effec- 
tive to mitigate individual actions due to cumulative effects 
from past disturbances. The council’s evaluation concluded 
that Compact should be revised, or the Compact goals would 
be non-attainable. The TRPA ad hoc committee report con- 


cluded that Compact revision was necessary to correct the 
dual majority and to expand the membership and change 
voting rights. County governments were reluctant to pay for 
their share of administration costs, and asked the states to 
make contributions equal to the total county contribution. 
They also continued to challenge the constitutionality of the 
Compact. Federal agencies offered both strong support for 
TRPA and sharp criticisms when the bi-state efforts failed to 
meet Compact objectives. Direct financial contributions came 
from Housing and Urban Development (HUD) through 701 
Planning Grants, EPA 208 Grants, and by resource publica- 
tions and professional staff by the Soil Conservation Service 
and the Forest Service. EPA, HUD, U.S. Army Corps of Engi- 
neers (COE), USFS, and other federal actions were coordinated 
through the presidential appointee to TRPA and the Western 
Federal Regional Council. Extraordinary federal actions in- 
cluded moratoriums on FHA loans, pier and lake construc- 
tion permits, development on national forest lands, and the 
required grant coordination of HUD’s 701 planning with 
EPA’s 208 waste treatment planning. The state of California 
was dissatisfied with TRPA’s performance and created the 
California Tahoe Regional Planning Authority (CTRPA). The 
TRPA also faced a number of legal challenges at this time, 
including inverse condemnation lawsuits. There was a per- 
ception that private property rights were threatened by 
CTRPA, TRPA, and other regulations, and previously ap- 
proved subdivisions were under threat to be downzoned. The 
majorities on the TRPA and CTRPA boards of directors 
switched from local to state control between 1969 and 1978 
(Sabatier and Pelkey). 

The TRPA was beset with financial insecurity, lawsuits 
questioning its constitutionality, uncertainty of legal liability 
of board members, and conflicts between local control and 
bi-state interests, and was, therefore, off to a shaky start. The 
TRPA requested a federal grant to speed up acquisitions of 
land in the Basin. In August, 1970, TRPA requested all fed- 
eral, state, and local agencies to use all predictable means and 
measures to implement their authority to help protect the en- 
vironmental qualities of the Basin. By 1973, TRPA had $260 
million in claims and $35 million in lawsuits filed against it. 
By 1973, with all the default approvals of casino expansions 
and a north shore mall, conservationists withdrew their sup- 
port of TRPA. Local governments balked at enforcing condi- 
tions emposed by TRPA on approved projects. There was a 
series of legal tests between the TRPA and the counties before 
the issue was resolved; TRPA actions were enforcable. The 
counties had no choice but to enforce TRPA conditions. 

Efforts to revise the Compact touched off a major struggle 
between the states, with the two governors leading the battle. 
Finally, a negotiated agreement was signed by both states 
under the threat of federal intervention. The 1980 revised 
Compact mandated that TRPA establish environmental 
thresholds and carrying capacities, first, and then devise a 
plan to achieve those thresholds. Some limits were put on 
further development until a new regional plan was adopted. 
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No sewage plant expansion (except for Douglas Co. 1) would 
be allowed, nor would new casinos, yet existing casinos could 
expand and new casino permits were still valid. A Lake Tahoe 
Transportation District was established to better coordinate 
transportation needs. The Compact required an environmen- 
tal impact statement. The TRPA board was expanded and a 
dual majority vote was required for project approval, other- 
wise projects were rejected outright. 

In 1982, TRPA adopted a comprehensive set of environmen- 
tal threshold carrying capacities that were considered neces- 
sary to maintain the significant scenic, recreational, 
educational, scientific, and natural values of the region. A 
new regional plan was required to meet the thresholds. 

In 1984, TRPA adopted a regional plan for the Basin. It 
was a product of a very difficult process. Futher, it was short- 
lived because the State of California and the League to Save 
Lake Tahoe successfully obtained federal court injunctions 
against implementation of the plan on the grounds that it 
would not achieve thresholds and that the environmental 
impact statement was inadequate (People of the State of Cali- 
fornia ex rel. John K. Van de Kamp v. Tahoe Regional Planning 
Agency [9th Cir. 1985] 766 F. 2d 1308). The plantiff’s success 
in this pivotal case set the stage for a consensus process which 
resulted in the adoption by TRPA of a revised general plan in 
1987 and a revised regional water quality management plan 
in 1988. The consensus process resulted in a dramatic change 
in the manner in which problems were addressed the Lake 
Tahoe Basin by placing an emphasis on consensus and col- 
laborative efforts rather than on litigation and conflict. 

The adoption of the revised regional plan in 1987 did not 
remove the tensions in the Basin. As Sabatier and Pelkey 
(1990) point out, TRPA’s regulations are viewed by many as 
an unjustified intrusion on private property rights and usur- 
pation of local government's authority to regulate land uses. 
This tension manifests itself in several ways. Certainly, there 
continues to be litigation which seeks to overturn TRPA regu- 
lations. To date, TRPA’s regulatory structure has largely been 
upheld. The courts have upheld the applicability of the 
Compact’s provisions to local government [People ex. rel. 
Younger v. El Dorado (1971) 5.Cal.3d 480]. Ina significant case, 
a Nevada court validated the scientific and legal underpin- 
nings of TRPA’s 1987 regional plan with regard to its water 
quality provisions [Kelly v. Tahoe Regional Planning Authority, 
855P.2d 1027 (Nev. 1993)]. The Nevada Supreme Court unani- 
mously upheld that decision. In another case, which will soon 
go to trial, landowners are claiming that TRPA’s adoption of 
the regional plan resulted in the deprivation of property with- 
out just compensation (Tahoe Sierra Preservation Council v. 
TRPA). The tension furthermore manifests itself in legisla- 
tive attempts to amend the Compact in such a manner as to 
change representation or require locally elected representa- 
tives on TRPA’s board and to increase legislative oversight. 

Cooperative management of the Lake Tahoe Basin has im- 
proved in the last decade with the maturation of the Com- 
pact, as most interested parties are working together to 


accomplish Compact goals. While the early years relied 
heavily upon the USFS, other federal agencies, and consult- 
ants to provide the scientific expertise needed to develop the 
Basin plans, today the states, local governments, and various 
public groups are heavily involved in restoration, monitor- 
ing, and land-use planning, with much more responsibility 
accepted at the local level. In the Lake Tahoe Basin, it seems 
that the formation of TRPA in 1969 was vital in furthering 
collaborative efforts to better manage the Lake Tahoe Basin 
ecosystem. As a federally sanctioned planning body, TRPA 
provided a credible forum for public debate and accountabil- 
ity. The TRPA had jurisdiction, by design, over the environ- 
mental and economic unit of interest: the Lake Tahoe 
watershed. As such, many cause and effect relationships could 
be effectively addressed. The marriage of ecosystem research 
and monitoring with policy formulation and community and 
regional planning allowed TRPA and other organizations to 
at least address the sustainability of the Lake Tahoe Basin eco- 
system from all biophysical and socio-economic dimensions, 
and made the Lake Tahoe Basin a model for regional plan- 
ning. 

At Lake Tahoe, the Compact and the formation of TRPA 
allowed the many interest groups to come together to focus 
their energies on ecosystem goals and appropriate land-use 
practices, and then to focus on key areas of agreement as a 
group. The interest groups, along with the leadership of key 
individuals, need to be recognized for the important perspec- 
tives they bring to the table. The League to Save Lake Tahoe 
remains a powerful force within the Basin, with a member- 
ship of over 4,000 individuals who reside both inside and 
outside the Basin. Groups such as the Lake Tahoe Economic 
Crisis Committee have sought to retain local control in the 
Basin and protect private property rights. The Tahoe-Sierra 
Preservation Council, organization founded in 1980, is the 
leading representative of area property and business owners, 
also focusing on the protection of private property rights, but 
supporting a broad range of efforts, including the various land 
acquisition programs. These and other special interest groups 
are long-standing, respected members of the community, and 
effective and well organized voices for their respective views. 

Collaborative, consensus groups aimed at bridging what 
may be gaps between the Basin’s many special interest groups, 
especially on the conservation versus economic sides, have 
formed in recent years. These groups have evolved through 
time in response to conflict over the 1984 plan for the Basin, 
TRPA’s proposal for consensus, redevelopment agreements, 
and the identification of parameters and processes that need 
to be more fully addressed. Collaboration between various 
players in the Basin has occurred to more efficiently use 
knowledge and resources, to improve communication be- 
tween those with various viewpoints, as a way to bring pub- 
lic and private interests together to address tasks that exceed 
individudal capacities, and to form a united voice on key is- 
sues. 

One of the first of these collaborative groups was the Tahoe 
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Transportation Coalition (TTC) which was formed in 1989. 
This coalition of business and environmental groups was 
brought together to provide input on transportation planning 
issues and to secure legislative support and funding for the 
Basin’s transportation needs. Recently, the group was suc- 
cessful in procuring $2.5 million from Congress to help coor- 
dinate transportation systems on the south shore of Lake 
Tahoe. 

Another of these collaborative groups is the Tahoe Truckee 
Regional Economic Coalition (TTREC) formed in 1992. This 
group was borne out of a growing consensus that the natural 
environment of the Lake Tahoe Basin is its greatest economic 
asset. Under the name the Economic Round Table, the first 
informal group held monthly discussions, began to build a 
database of economic indicators, and sponsored conferences 
on the economic issues facing recreational resort communi- 
ties. In 1992, the Economic Round Table became TTREC. The 
TTREC’s goal, as stated in its vision statement, is to ensure 
the long-term harmonious enhancement of our natural and 
human environment, historical and cultural heritage, and the 
overall quality of life for residents and visitors. As such, 
TTREC is working to sustain the ecological and economic vi- 
tality of the Basin in parallel fashion. 

The Tahoe Coalition of Recreation Providers (TCORP) is a 
special interest group that formed about the same time (in 
1991) in recognition of recreation as the foundation of the 
Basin’s billion dollar economy. The TCORP recognizes that 
this recreation is largely dependent upon the user’s percep- 
tion of the Lake Tahoe Basin’s environmental quality or health. 
The TCORP is working across jurisdictional boundaries to pro- 
mote regional coordination and cooperation of recreational 
activities that reflect both functional human and environmen- 
tal units. Its unified approach is fostered by the sharing of 
information and coordinated planning. Recreation provid- 
ers, both public and private, use TCORP as a clearinghouse 
for information to the recreation community. According to 
Co-Chair Linda Eissmann, Senior Planner with the Nevada 
Division of State Parks (personal communication 1995), 
TCORP believes that dynamic, regional recreation planning 
may be the single most important mechanism we have to co- 
ordinate the principles of environmental sustainability with 
a strengthened recreational tourism economy. 

In 1991, the Forest Health Consensus Group (FHCG) was 
formed by TRPA out of a growing concern for the rapid rate 
of mortality in timber stands. Agencies and the public shared 
interest in assessing the need to reintroduce logging and natu- 
ral fire regimes while recognizing the need for strict water- 
shed protection. A consensus has been achieved that the 
pre-settlement condition of the forest is the desired future state 
of the forest in the Basin. Currently, the FHCG is working to 
define the means for achieving this desired condition. 

The Washoe Tribe of Nevada and California has undertaken 
collaboration with the regional land-management agencies, 
particularly the USFS. The Washoe, like many other groups, 
strongly support management of a human landscape that is 


ecologically sustainable. The tribal government’s comprehen- 
sive land-use plan includes goals to: “acquire a tribal land 
base in the Lake Tahoe Basin, once at the heart of their terri- 
tory”; to revitalize Washoe heritage and cultural knowledge, 
including the harvest and care of traditional plant resources; 
to “interact with agencies and governments in aboriginal ar- 
eas to preserve” archaeological sites and traditional proper- 
ties; and, specifically, to return Cave Rock, a prominent 
landmark and spiritual site on the east shore, to Washoe own- 
ership (Washoe Tribal Government 1994, pp. IV-9). 

A most recent addition to the growing list of collaborative 
groups is the Tahoe Center for a Sustainable Future (TCSF). 
Incorporated in 1994, TCSF’s mission is to provide informa- 
tion, support, education, and training to individuals, agen- 
cies, organizations, communities, and regions who are 
concerned about and/or working toward environmental pres- 
ervation, or restoration and sustainable development. As de- 
fined by the TCSF, sustainable development is development 
that meets the needs of the present without compromising 
the ability of future generations to meet their own needs. 
Implicit in this definition are environmental protection, pres- 
ervation and remediation, as well as human needs. 

The TTC, TTREC, TCORP, and TCSF emphasize the evolv- 
ing local and regional goal of the sustained health of the en- 
vironment as a foundation for economic viability. Sharing of 
knowledge and resources has provided the foundation for 
trust. While individual special interest groups and factions 
retain their respective positions, those positions are increas- 
ingly linked to the same information base. Interpretive dif- 
ferences remain, but the common knowledge base creates a 
degree of openness and trust that was heretofore absent. 

Reflecting this collaborative spirit and a growing appre- 
ciation of the inter-relationship between environmental and 
economic needs in the region, is a strong public/private sec- 
tor commitment to redevelopment and restoration within the 
Basin as a means of achieving the environmental thresholds, 
regional planning goals, and economic development objec- 
tives. The regional plan places an emphasis on redevelop- 
ment as a means to concentrate new commercial development 
in existing commercial areas and to install larger-scale water 
quality improvements, such as recreated wetlands, and pub- 
lic access improvements, such as trails. The city of South Lake 
Tahoe has taken the lead in using this mechanism to rede- 
velop the casino corridor and the Ski Run areas on the south 
shore through a $300 million program. Similarly, Placer 
County is also establishing a redevelopment program on the 
north shore. As a precursor to this redevelopment effort, 
Placer County has been using TRPA’s community planning 
process to install transportation, water quality, and commer- 
cial improvements at Tahoe City. 

There is also an expanded emphasis on restoration of the 
natural environment and provision of additional recreational 
facilities which complement on-going soil-erosion grant and 
public access programs. There is a broad based public/pri- 
vate partnership to obtain funding for major stream and wet- 
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land restoration and soil-erosion control projects, such as the 
Upper Truckee River and Wetland Restoration Project in Cali- 
fornia and the General Creek and Spooner Summit projects 
in Nevada. This partnership was instrumental in placing bond 
acts in both Nevada and California for water quality purposes 
on the November 1996 ballots. 

There is also a growing commitment to complete regional 
trail systems. For example, TRPA has called for the comple- 
tion of a bikeway around the lake by the year 2000. 


INSTITUTIONAL EVOLUTION 


Just as the Lake Tahoe Basin ecosystem has evolved, and our 
human use and understanding of it, so have the institutions 
that have overseen management of the Basin. The institu- 
tional history of the Lake Tahoe Basin has similarities to and 
differences from other regions of the western United States. 
Washoe use and management of the Basin was replaced by 
early settlers’ cultural practices that were much more inten- 
sive and year-round. Our federal and state institutions sup- 
ported settlement of the Basin and extractive resource use 
through the latter half of the nineteenth century. With the 
overharvesting of resources such as timber, fish, and fodder, 
and an increasing interest in recreation in the high mountains, 
institutional focus shifted to the provision of local services 
for both residents and tourists, and along with this, water re- 
sources use, both in-basin and downstream. As it became 
evident that environmental quality was declining, perhaps 
to the detriment of the high-quality recreational experience 
the Basin supplied, institutions further shifted their concern 
to gaining better scientific information on the ecology of the 
lake system, environmental stewardship of it, and regional 
sustainability. Today, the institutional framework in the Lake 
Tahoe Basin is a cumulative response to evolving public val- 
ues and the strong link between the environmental and eco- 
nomic health of the region. It follows many decades of 
controversy, litigation, the establishment of new regulations, 
and a major shift in the ratio of public to private land owner- 
ship in the Basin. The following sections explore the evolu- 
tion of this institutional framework based the assessment of 
the Lake Tahoe Basin ecosystem, land-use planning and man- 
agement, and accompanying land acquisition and environ- 
mental restoration. 


Ecosystem Assessment: Independent 
and Interagency Efforts 


Early scientific assessments of the Lake Tahoe Basin were con- 
ducted in the late 1800s, largely by individual scientists, not 
institutions or interagency groups. These early scientists in- 
cluded Charles Burckhalter of the U.S. Naval Observatory, J. 
N. LeConte of the University of California, and naturalist John 


Muir. During the first half of the 1900s, little scientific infor- 
mation was published on the Lake Tahoe Basin, but with a 
renewed interest in science and natural resources after World 
War II, scientific research by federal and state resource man- 
agement agencies and university scientists increased sharply. 
Studies included investigation of the hydrology and aquatic 
resources of the Lake Tahoe Basin in the late 1940s and 1950s 
by the California Division of Water Resources, the California 
Department of Fish and Game, the Nevada State Engineer, 
the Nevada State Department of Health, the U.S. Bureau of 
Reclamation, the USFS, and COE. 

Interest by federal and state agencies in the Lake Tahoe 
Basin’s natural resources fostered expanded scientific research 
and ecological monitoring. The first significant, multidisci- 
plinary assessment of the entire Lake Tahoe Basin ecosystem 
(aquatic and terrestrial components) was done by LTAC 
(McGauhey et al. 1963) to specifically address the eutrophi- 
cation of Lake Tahoe. Based on various biophysical technical 
analyses, including a review of nutrient sources, impacts, and 
sinks, these data provided justification for the decision to pro- 
hibit the discharge of wastewater within the Lake Tahoe Ba- 
sin. This early study was extraordinary and set the stage for 
regional resource planning in the Basin. Like the ecological 
assessments which followed, it provided detailed informa- 
tion necessary to understand at least the partial ecological 
impacts of human activities, define priorities for future ac- 
tions, and redirect the institutional decision-making process 
and structure. Management concerns were addressed across 
jurisdictional boundaries, which proved key. 

Charles Goldman (University of California, Davis) and his 
colleagues published the first of many reports on the limnol- 
ogy of the lake in 1963 (Goldman 1963). Air quality monitor- 
ing in the Basin also began in the 1960s, as the National Air 
Pollution Control Administration measured ozone concentra- 
tions at South Lake Tahoe and Incline Village during 1967 and 
1968. Monitoring of the lake ecosystem was thus clearly un- 
derway. 

In 1972, TRPA, USFS, and LTAC helped to obtain a grant 
from the National Science Foundation to establish coordinated 
research efforts in the Lake Tahoe Basin. The TRPA had found 
that research was scattered among myriad federal and state 
agencies, universities, independent organizations, and indi- 
viduals, and that there was little, if any, regional coordina- 
tion. The TRPA had also discovered that the research 
community as a whole had little knowledge of the overall 
needs of the Lake Tahoe Basin management authorities, and 
the potential research users were also poorly informed about 
available research findings. The Lake Tahoe Research Coor- 
dination Board in two years (1) published a compilation of 
past and on-going research and a comprehensive listing of 
research needs for the Basin, (2) hosted well attended public 
seminars on research results, and (3) began a review of pro- 
posed research projects. 

The University of California was the primary academic 
institution active in the Lake Tahoe Basin in the 1970s. The 
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SWRCB, LRWCB, the Nevada Department of Conservation 
and Natural Resources, CRTPA, and TRPA conducted many 
valuable analyses of their own, yet relied heavily on TRG for 
monitoring of Lake Tahoe’s water quality and, by the mid- 
1970s, monitoring of streams. The USGS served as an impor- 
tant cooperator in much of this monitoring and data 
management. As an independent scientific research group, 
TRG received grants from the National Science Foundation, 
the Fleischmann Foundation, the Federal Water Pollution Con- 
trol Administration (later EPA), the SWRCB (through a voter- 
approved bond act), and other entities to support its 
monitoring and research efforts at the lake. Goldman remains 
the “father” of Lake Tahoe ecological research, with a very 
active program of study for over thirty years. 

In regards to air-quality monitoring, the ARB, the Nevada 
Division of Environmental Protection (NDEP), and the EPA 
became actively involved at Lake Tahoe in the 1970s. The 
ARB published reports on air pollution potential and ozone 
patterns, and NDEP conducted monitoring in support of its 
air quality planning efforts. 

Broad ecosystem assessments were published in the early 
1970s by TRPA and the USFS as a series of short reports which 
became known as the “pastel studies” (because of the col- 
ored paper on which they were printed) on a wide variety of 
ecosystem components (e.g., Tahoe Regional Planning Agency 
N.d.a, N.d.b, 1971; Tahoe Regional Planning Agency and U.S. 
Forest Service 1971a, 1971b, 1971c; Smith 1971; Tahoe Regional 
Planning Agency Committee on Water Distribution N.d.). In 
1975, the EPA completed The Lake Tahoe Study as requested 
by the ninety-second Congress. Recommendations in the re- 
port included (1) designating the Lake Tahoe Basin as an area 
of national environmental significance, (2) establishing envi- 
ronmental thresholds, (3) encouraging the states to consider 
modifications to the Tahoe Regional Planning Compact (e.g., 
removal of the dual majority), and (4) developing a coordi- 
nated federal policy for Lake Tahoe. The report addressed the 
Lake Tahoe Basin “ecosystem,” relating development activi- 
ties to “first impacts” and “resultant impacts.” It reviewed 
intergovernmental activities, collaborative relationships with 
TRPA, and presented a problem analysis as well. 

In the late 1970s, the Western Federal Regional Council, 
composed of the western regional offices of the federal land 
and environmental agencies, pulled together monitoring data 
on multiple elements of the environment, including wildlife, 
vegetation, fish, and other parameters for the Lake Tahoe En- 
vironmental Assessment (Western Federal Regional Council 
Interagency Task Force 1979). The assessment used an enor- 
mous amount of scientific data aggregated into a model which 
provided a cumulative evaluation of the causes of changes 
from 1970 to 1980. The model categorized variables as causal 
forces, internal subsystems, internal flows, and outputs. This 
report influenced the amendment of the Tahoe Regional Plan- 
ning Compact and helped establish ecological threshold-based 
planning in the Basin. The TRPA Environmental Impact State- 
ment for the Establishment of Environmental Threshold Carrying 


Capacities (Tahoe Regional Planning Agency 1982) provided 
these environmental standards for attaining the Compact 
goals. Environmental impacts were generalized into three 
categories: resources management, resources development, 
and infrastructure. The report was reviewed by TRPA and 
state and federal agencies. Significant adjustments were made 
to federal policy and the groundwork was laid for further 
evaluation of the Compact leading to revision and adoption 
of thresholds. 

The 1982 TRPA EIS lists basin-wide goals for water quality, 
water quantity, soil conservation, air quality, noise, vegeta- 
tion preservation, wildlife, fisheries, recreation, and scenic 
resources. Natural resources are described in some detail, 
and degradational cause and effect relationships are identi- 
fied. Environmental consequences of implementing the pro- 
posed thresholds are described as needed for environmental 
protection, and evaluated for physical-biological impacts and 
their social and economic environmental consequences. 

It is evident here that significant institutional shifts in moni- 
toring, research, and technical evaluation occurred in the 
1980s. The adoption and ratification of the revised TRPA Com- 
pact in December 1980 heightened interest in research. In 
1980, the Lake Tahoe Interagency Monitoring Program 
(LTIMP) published the first of many annual water quality re- 
ports covering Lake Tahoe and five of its tributary streams. 
The TRG still carried out the bulk of the actual water-quality 
monitoring through grants from the National Science Foun- 
dation, but at least twelve federal, state, and regional agen- 
cies provided professional assistance and additional funds 
for the LTIMP monitoring efforts. The LTIMP evaluated at- 
mospheric deposition and streamflow as sources of nutrients 
to the lake as well. In the early 1980s, the USGS working 
with TRG also began to monitor tributary water quality and 
groundwater quality, with a particular interest in sediment 
transport. All efforts were coordinated with LTIMP to avoid 
overlap and promote consistency, while best coupling moni- 
toring to scientific research. 

By 1987, facing decreases in the federal and SWRCB money 
that had largely supported LTIMP, TRPA, the USGS, and TRG 
pooled their resources. The USGS and TRG scientists collected 
the bulk of the water-quality data. Together, the agencies ex- 
panded the stream monitoring network from its initial five 
stations to about thirty stations by the end of the decade. The 
TRG continued to operate the Jean LeConte research vessel 
for lake-wide monitoring, as they do to the present. The sci- 
entific work of TRG and LTIMP was, and is, the backbone of 
water-quality planning efforts in the Basin. 

During the 1980s, significant advances were made in air- 
quality monitoring. The ARB and NDEP established perma- 
nent stations to measure carbon monoxide, ozone, and 
particulate matter. Pitchford and his associates at the EPA’s 
Las Vegas laboratory conducted their baseline visibility re- 
search, published in 1984. In 1987, Thomas Cahill of the 
Crocker Nuclear Laboratory, University of California, Davis, 
conducted a six-month study of fine particulate concentra- 
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tions along the south shore and at Ward Valley. In 1989, TRPA 
installed the first of its two visibility and particulate monitor- 
ing stations, in coordination with the national air quality im- 
provement program of the EPA and the National Park Service. 
The TRG installed a wet/dry deposition sampler near the 
mouth of Ward Creek in 1983, and starting in 1986, deployed 
anchored buoys at four lake stations to measure bulk atmo- 
spheric deposition in open collectors. 

Furthermore, in the 1980s it became apparent that there was 
a lack of data on the effectiveness of land remediation efforts, 
including the use of best management practices (BMPs) and 
evaluation of large-scale erosion control and wetland resto- 
ration projects. To judge their effectiveness, pre-project moni- 
toring and post-project monitoring were undertaken, but not 
for the long-term, which is often beyond the financial capac- 
ity of the agencies implementing the projects. In the Lake 
Tahoe Basin, the onset of land remediation projects coincided 
with an eight-year drought cycle, starting in the middle-1980s. 
We know that even under ideal conditions, reductions in sedi- 
ment and nutrient yields resulting from remediation of dis- 
turbed areas may not appear for a decade or more (Byron 
and Goldman 1989). One research report on the effectiveness 
of BMPs in the Lake Tahoe Basin is available (White et al. 
1978) and serves as a late 1970s baseline reference for the Ba- 
sin. However, additional research is needed on BMPs effec- 
tiveness coupled to watershed-scale erosion and sediment/ 
solute transport. 

An additional data acquisition effort initiated during the 
1990s was the collection of economic data under the auspices 
of the Economic Round Table and its successor, the TTREC. 
This group is building a database on the human dimensions 
of the Lake Tahoe Basin ecosystem. 

At present, most of the monitoring programs established 
in the 1980s continue, with refinements. Financing of the 
monitoring programs with their cost of over $1 million per 
year may be difficult to sustain. To save money, the agencies 
involved have postponed data analysis, preferring to expend 
what funds they have to collect long-term data; this strategy 
has created a condition described as “data rich and informa- 
tion poor.” 


Land-Use Planning and Regulation 


In 1985, as a function of litigation (People ex. rel. Van de Kamp 
v. Tahoe Regional Planning Agency) and agency directives, TRPA 
embarked on a revision of the regional plan and worked to 
resolve the on-going conflict through a consensus workshop 
process. This process was not to be a compromise between 
TRPA and the plaintiffs in the litigation, but rather a consen- 
sus among all parties in the Basin. There were many reasons 
for the participants to agree to this process, including (1) re- 
alization that the court could, in effect, stop development in 
the Basin, (2) litigation is a situation where everyone loses, 
(3) the need to identify a stable, long-term and workable so- 


lution, and (4) the realization that a building moratorium 
could lead to Nevada pulling out of the Compact. 

A core group of the key stakeholders was formed and an 
outside expert facilitator was hired to run the workshop meet- 
ings and, with the help of the core group, identified twenty- 
five separate entities and agencies to participate in the 
consensus building process. By design, the invitees included 
a very broad cross-section of interests, as well as a represen- 
tative of every entity perceived to hold veto power over any 
eventual agreement (table 5). 

The workshop process consisted of frequent one- and two- 
day sessions on key issues by the identified participants . Us- 
ing interest-based negotiating techniques, the group explored 
options, considered each others’ needs, and gained informa- 
tion and insight on the planning and regulatory problems of 
the Basin. The workshop planning and meetings extended 
over a year from the time that TRPA gathered political sup- 
port to initiate the effort in the spring of 1985. The first full 
workshop meeting was in August 1985 with the final full 
workshop meeting in April 1986, with a total of thirty-two 
meetings. 

The workshop participants compiled and addressed a list 
of twenty-seven issues within six major areas of concern: (1) 
the rate of residential and commercial development, (2) the 
allocation of development rights by county, (3) the new/re- 
vised land classification system for residential and commer- 
cial development, (4) protection of sensitive lands, (5) 
community control of the planning process, and (6) balance 
between environmental protection and economic growth. 


TABLE 5 


Members of the Lake Tahoe Basin Consensus Building 
Workshop. 


American Association of University Women 

California Attorney General 

Incline/Crystal Bay Advisory Board 

Lahontan Regional Water Quality Control Board 

League of Women Voters 

League to Save Lake Tahoe 

Nevada Attorney General 

Nevada Division of Environmental Protection 

North Tahoe Advisory Council 

North Tahoe Public Utility District 

Sierra Club 

South Tahoe Gaming Association 

Tahoe Basin Association of Governments 

Tahoe City Advisory Council 

Tahoe Regional Planning Agency 

Tahoe Shorezone Representation 

Tahoe Sierra Board of Realtors/Incline Village Board of Realtors/North 
Shore Advisory Council* 

Tahoe Sierra Preservation Council 

Tahoe Transportation District 

Tahoe-area Chambers of Commerce* 

Tahoe-area Resource Conservation Districts* 

Tahoe-area Utility Districts* 

TRPA Advisory Planning Commission 

U.S. Environmental Protection Agency 

U.S. Forest Service (LTBMU) 


*Groups of stakeholders represented by a single individual in the workshop. 
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Based on the progress made in the workshop through the 
spring of 1986, the parties involved in the litigation decided 
to approach Federal District Court Judge Edmund Garcia with 
a plan to lift the then imposed development moratorium for 
the summer construction season. He approved a stipulated 
agreement among the parties authorizing a 1986 summer 
building season, consisting of 300 residential permits and cer- 
tain other projects. This ended a four-year development mora- 
torium. 

Subsequent to the adjournment of the full workshop, a 
smaller group of participants met from 1986 through early 
1987 to work out the details of the TRPA Code of Ordinances 
and Plan Area Statements. The membership of this small 
group varied from meeting to meeting based on the issue 
under discussion, but the main participants were TRPA, the 
Tahoe Sierra Preservation Council, the League to Save Lake 
Tahoe, and the California Attorney General. 

In 1987, a full settlement agreement was reached, based on 
TRPA’s adoption of the Code of Ordinances and Plan Area 
Statements implementing the consensus plan. Judge Garcia 
dismissed the lawsuits initiated by the State of California and 
the League to Save Lake Tahoe. The consensus plan with 
amendments is still in place and being implemented today. 

The consensus approach initially utilized to settle the 1984 
litigation has led to a number of cooperative and collabora- 
tive efforts. The focus is on finding areas of agreement and 
then acting on them as a group. With the regional plan fi- 
nally in place, in 1988 TRPA revised the water quality man- 
agement plan (“208 plan”) to conform to the settlement, and 
obtained state and EPA approval. The TRPA also issued a 
transportation plan, and transportation planning became a 
major institutional focus. In the Consensus Building Work- 
shop, the main planning issues had been related to land-use 
planning, development on sensitive lands, and protection of 
water quality. With those issues settled, and traffic counts 
showing increasing reliance on the private automobile, inter- 
est in transportation planning increased. A group of private 
parties, including the Chambers of Commerce, the Lake Tahoe 
Gaming Alliance, Heavenly ski resort, and the League to Save 
Lake Tahoe, formed TCC to provide input to the transporta- 
tion planning process. The coalition was instrumental in 
bringing a Rural/Urban Design Assistance Team, from the 
American Institute of Architects to Lake Tahoe in 1989 to study 
transportation issues and make recommendations. At about 
the same time, a group of private and public organizations in 
North Tahoe and Truckee formed a transportation manage- 
ment association, the first to be established in the Basin. 

In keeping with the cooperative spirit of the Consensus 
Building Workshop, planning proceeded for redevelopment 
in South Lake Tahoe near the state-line. The city commenced 
its redevelopment program in order to upgrade its visitor 
accomodations. Asa result of the Urban Land Institute’s re- 
view of the regulatory program, the city realized that its mo- 
tel and hotel accomodations were not attractive to visitors 
who wish to have more expensive accomodations. Addition- 


ally, the redevelopment process provided an opportunity to 
readjust land uses in an area and to incorporate public im- 
provements such as water quality improvements and trails. 
In support of this effort, the city obtained an amendment to 
the state’s redevelopment law which allowed it to begin the 
process by making a finding of environmental degradation 
instead of the usual finding of social blight. This finding re- 
flected, in part, the environmental objectives of the project. A 
pre-development agreement involving the city, the Califor- 
nia attorney general’s office, the League to Save Lake Tahoe, 
TRPA, and others resulted in adoption of a plan and the issu- 
ance of permits for two major redevelopment projects: the 
Embassy Suites hotel, which opened in late 1991, and a hotel 
proposal at Ski Run Marina which has since been converted 
into a timeshare resort project which is scheduled to be con- 
structed in the summer of 1996. This redevelopment program 
has resulted in improved aesthetics and water-quality treat- 
ment in the redevelopment area and in having California re- 
development law amended to include environmental 
degredation as a justification for redevelopment. 

In the late 1980s, local governments and TRPA embarked 
upon a process of community planning for up to twenty-four 
designated commercial nodes around Lake Tahoe. Planning 
for these areas had been contentious. Implementation has 
moved slowly and has remained difficult due to competition 
between local areas, uncertainty regarding economic viabil- 
ity, and high costs of mitigation measures. Some participants 
felt that commercial areas should be governed by the same 
rules and regulations as other areas, while other participants 
felt they should be given a free hand to plan for the future 
without interference from TRPA. The consensus plan em- 
braced the concept of a local-regional-community partnership, 
with incentives to property owners to participate. 

In the present decade, the consensus approach developed 
in the 1980s has continued in effect throughout the Basin. The 
coalitions formed in the late 1980s continue to contribute to 
the transportation and recreation planning processes. Com- 
munity planning also continues, albeit slowly. 

In 1990, TRPA also began a complete evaluation of the 
threshold standards and the regional plan (Tahoe Regional 
Planning Agency 1991). The resolution adopting the thresh- 
old standards in 1982, and every major plan document after 
that date, called for evaluations of the thresholds and the re- 
gional plan at least every five years. However, TRPA’s first 
comprehensive evaluation did not occur until 1991. Under 
the terms of the Compact, TRPA may not implement a re- 
gional plan that will not achieve and maintain the environ- 
mental threshold standards, and may not approve any project 
that is inconsistent with the standards. Thus, periodic evalu- 
ations are important if TRPA is to continue to implement the 
regional plan and approve additional activities in the region. 
The evaluation was also of interest to the plaintiffs in the plan- 
related litigation, who needed to know that the consensus plan 
was being implemented, and to private property and devel- 
opment interests, who wanted orderly growth under the re- 
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gional plan to continue, rather than face another moratorium. 
The 1991 Evaluation Report (Tahoe Regional Planning Agency 
1991) concluded that the regional plan needed to be strength- 
ened in several areas. Specifically, TRPA made immediate 
changes in its Code of Ordinances (e.g., strengthening con- 
trols on emissions from wood heaters) and agreed to a sched- 
ule for development of additional automobile use 
disincentives (e.g., a parking ordinance). Given the magni- 
tude of the problems, however, these changes focused on rela- 
tively minor issues and details. 

While for twenty-five years, the vast majority of planning 
activity in the Lake Tahoe Basin had been directed at land- 
use planning, water-quality protection, transportation, and 
related issues, the forests of the Basin were gradually suc- 
cumbing to the combined stresses of insects, drought, over- 
stocking, and fire suppression. By the early 1990s, the dying 
forest stands, many which were believed to have high fuels 
loads with risk of wildfire, had become perhaps the Basin’s 
most contentious planning issue. There was no shortage of 
blame, but there was a notable shortage of solutions on which 
the key institutions could agree. As such, in 1991, TRPA con- 
vened a Forest Health Consensus Group (FHCG), modeled 
after the Consensus Building Workshop of the previous de- 
cade, to attempt to develop a consensus plan for forest man- 
agement. Local groups are working with the USFS to devise 
small-scale fuel reduction strategies for neighborhoods and 
similar areas. A draft EIS document by the LTBMU is cur- 
rently under review for treatment of fuels and fire hazard in 
the forests of the northern part of the Basin. 

It is difficult to assess the sustainability of the current use 
of the consensus approach in the Lake Tahoe Basin. Certainly, 
there are examples (e.g., export of sewage) where a consen- 
sus has been reached in the past. These efforts were followed 
by periods of contentiousness. However, the current empha- 
sis on consensus has produced significant results. This ap- 
pears to be a function of greater acceptance of both resource 
protection objectives and the means to achieve capital plan- 
ning and outlay programs and authority. 

As in the past, litigation is creating uncertainty. There are 
two sets of cases which may significantly affect TRPA’s regu- 
latory programs. Two regulatory taking cases [Tahoe-Sierra 
Preservation Council v. Tahoe Regional Planning Agency (U.S. 
District Court, D. Nev.) have been consolidated in the U.S. 
District Court in Reno, Nevada. This litigation challenges the 
constitutionality (ie., taking of land without just compensa- 
tion) of the TRPA building restrictions on environmentally 
sensitive lands under both the 1984 and 1987 regional plans. 
Currently, the parties are exploring settlement through medi- 
tated negotiations. In Suitum v. Tahoe Regional Planning Agency 
(U.S. Court of Appeals for the Ninth Circuit), the owner of a 
wetlands parcel has challenged the constitutionality of TRPA’s 
regulations which preclude development of the parcel. The 
court dismissed the appeal on the ground, that the landowner 
had failed to take advantage of the multiple transfer of de- 
velopment programs available under the regional plan. On 


appeal, the Ninth Circuit of Appeal has upheld the District 
Court decision. Decisions which are adverse to TRPA could 
dramatically alter the manner in which environmentally sen- 
sitive lands are regulated in the Lake Tahoe Basin. 


Public Land Acquisition, Restoration and 
Management Activities 


Another important resource management strategy in the Lake 
Tahoe Basin is the acquisition of additional public lands, res- 
toration of their natural environments, and their on-going 
management. Such activities are especially important in ar- 
eas such as the Lake Tahoe Basin where there is a fine-scale 
mix of private and public land ownership and uses, where 
significant natural values are being adversely impacted by 
rapid growth, and where the overall objective is to improve 
environmental quality. 

These activities serve a number of resource management 
objectives. In the Lake Tahoe Basin, acquisition activities pro- 
vide the land and resource base to achieve public objectives 
(e.g., environmental thresholds) and to incorporate ecosys- 
tem dynamics into management strategies and practices. Spe- 
cifically, acquisition activities are important because they seek 
to prevent further disturbance of environmentally sensitive 
lands and wildlife habitat, and provide opportunities for res- 
toration and the construction of public access facilities. Re- 
search has shown that disturbance of environmentally 
sensitive lands (e.g., Bailey Land Capability Classes 1-3) (fig- 
ure 11) and stream environment zones (SEZs) significantly 
increases concentrations of nitrate, total phosphorous and 
suspended sediment in streams, stimulating algal productiv- 
ity (Byron and Goldman 1987), and decreases wildlife habi- 
tat as well. Acquisitions can help prevent further disturbance 
to wildlife habitat. Disturbance of wildlife habitat has reduced 
both the number and variety of wildlife in the Basin (TRPA 
1982). Due to historical settlement patterns, most of the shore- 
line is privately-owned (Strong 1984). Consequently, acqui- 
sition is also needed to expand recreational opportunities in 
order to accommodate existing public demand for recreation. 
Acquisition programs give landowners an opportunity to sell 
their land for public purposes and to receive fair compensa- 
tion for it. 

In the Lake Tahoe Basin, site improvements are critical to 
increase the capacity of public lands to function naturally 
while supporting public uses. Erosion-control improvements 
are needed to control the release of phosphorous and other 
nutrients from disturbed areas. Public access improvements 
are needed to allow recreational opportunities at existing and 
new sites, to enhance the visitor’s experience, and most im- 
portantly to minimize environmental damage caused by over- 
use. Trails are needed to connect existing facilities in order to 
lower reliance on the automobile to travel from one facility to 
another. Activities such as stream and riparian restoration 
are needed to provide additional habitat for wildlife and fish. 
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ax Lake Tahoe 


Land Capability Class Corresponding 
SCS soil-unit codes : 


| 


1a- CaF, GsF, MsE, MsG, MtE, MtG, 
ReF, ReG, RtF, RtG, ShE, SkF, TeG, 
TmE, TmF, TrE, TrF, UmF, WaF, WeF. 
1b - Ba, Co, Ev, Fd, Gr, Lo, Mh. 

1c - MxE, MxF, Px, Ra, Rx, Sm. 
2-CaE, WF. 


3 - FuE, JaD, JbD, JeD, MkD, 
MsD, TeE, UmE, WaE, WcE. 


4-CaD, EbE, EcE, Ged, IsD, IsE, kwE 


5 - FuD,IgB, JaC, JeB, JgC, JhC, 
MkB, MmB, TcB, TcC, TdD, TkC, UmD. 


6 - EbC, GeC, IsC, JtD, dwD, TaD, TbD. 
7 - EfB. 
Water 


Source: Bailey (1974), SCS 
Map scale 1:360,000 SNEP GIS, June 15, 1995 


FIGURE 11 


Bailey land capability classes as mapped for the Lake Tahoe Basin. (SNEP GIS project). 
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Site improvement activities also support local and regional 
planning activities and provide private sector jobs. 

Land management activities strive to maintain natural 
functions and provide public access opportunities, to enable 
the development of new restoration techniques and manage- 
ment strategies, and to protect public health and safety. The 
following discussion outlines the evolution of these types of 
activities at Lake Tahoe. 


Public Land Acquisition 


There has been a long, approximately 100 year history of ac- 
quisition or reservation of land for public purposes in the Lake 
Tahoe Basin. Land acquisition activities reflect, in large part, 
the evolutionary changes in public agency policy with regard 
to recreation and environmental protection and the availabil- 
ity of purchase funds. 

The initial blueprint of ownership and land uses within 
the Basin was set by federal policy. With the original public 
domain, the government disposed of land in the Lake Tahoe 
Basin in the second half of the nineteenth century under the 
prevailing national policy to encourage settlement and eco- 
nomic development of the American West (Fink 1991). Land 
was disposed of to private owners for agricultural, timber, 
and resort uses, and for the development of the transconti- 
nental railway. 

Toward the end of the nineteenth century, the federal gov- 
ernment began to shift policy from disposal of public lands 
to retention for park and conservation purposes (Fink 1991). 
The creation of the Tahoe Forest Reserve in 1899 was a mani- 
festation of this policy. It marked the beginning of an ex- 
traordinary effort to reserve lands for public purposes, which 
has resulted in federal ownership of 77% of the Lake Tahoe 
Basin (figure 12). 

Acquisition of public lands by the USFS has been exten- 
sive. The original national forest land in the Basin has been 
increased to the present 77% or 63,200 ha (158,000 acres) and 
21 km (11 miles) of shoreline through land exchanges and, 
more recently, through direct purchase under the Land and 
Water Conservation Fund Act of 1965 and the Santini-Burton 
acquisition program. Two sizable land exchange transactions 
added significant acreage to public land in the Basin: (1) in 
1936, the Carson & Tahoe Timber and Flume Company ex- 
changed 3,147 ha (7,776 acres) of cut over and uncut timber 
land in the Upper Truckee River area, and (2) in 1950-51, the 
Pope Baldwin exchange added 1,425 ha (3,523 acres) of prime 
lakeshore land in the Fallen Leaf Lake and South Lake Tahoe 
areas, two key subregions of recreational activity. Three sig- 
nificant land purchases occurred after the passage of the Con- 
servation Fund Act in 1965: (1) the Whittell Estate (Dreyfus) 
lands on Nevada’s east shore comprising some 4,219 ha 
(10,425 acres) for $10.6 million in 1972, which added 10.5 km 
(6.5 mi) of shoreline to public ownership, (2) the Fibreboard 
Corporation lands, 4,096 ha (10,121 acres) for $9.9 million in 
the northwest sector of the Basin, in 1974, and (3) the Meeks 
Bay land from Hewlett in 1974 for $3.0 million, adding 261 ha 


(645 acre) including 1,014 m (3,328 ft) of shoreline with 549m 
(1,800 ft) of excellent beach. 

Although the LTBMU of the USFS was formed in April, 
1973 to provide uniform management of national forest lands 
in the Basin, these lands legally remain a part of three pro- 
claimed national forests: Eldorado, Tahoe, and Toiyabe. 

In the early 1970s, TRPA staff and the USFS Planning Team 
for the Basin prepared a Public Lands Priorities Map, which 
was an inventory of private lands which, if acquired, would 
serve a useful public purpose. Lands were evaluated for such 
factors as public use, manageability (size), watershed protec- 
tion, wildlife and scenic value, and development pressure. 
The cost was estimated to be well over $100 million for direct 
purchases and land exchanges of high-priority lands. 

After more than fifty years of effort, the USFS land acquisi- 
tion program is more than 95% complete. Current federal 
ownership now stands at 77% of the 83,065 ha (202,250 acres) 
landbase, with the ratio between public and private owner- 
ship effectively reversed from the situation in 1900. 

Given the strong federal interest in the Lake Tahoe Basin, 
the states did not play an active role in acquisition during 
most of the nineteenth century. In California, however, there 
was a concern that clear-cut removal of timber was severely 
damaging the beauty of the region. In 1883, the Lake Bigler 
Forest Commission urged the federal government to acquire 
private lands in the Basin and to transfer management re- 
sponsibilities to the states for park purposes (Strong 1994). 

Near the end of the nineteenth century, California began to 
establish a state park system. In 1899, the first park site, Tahoe 
State Park, was set aside at Tahoe City (Strong 1984). During 
the late 1920s, the state park movement expanded, and in 1927, 
the California legislature approved a $6 million bond act for 
acquisition of lands, including property in the Lake Tahoe 
Basin, to be included in the state park system (Strong 1984). 
This action started a largely bond-funded acquisition pro- 
gram, which over the next sixty years resulted in the acquisi- 
tion of about 2,430 ha (6,000 ac) and creation of state parks 
such as D.L. Bliss and Sugar Pine Point. These acquisitions 
are important recreational lands and core areas of biological 
diversity because of their large size. 

Nevada established its first state park in the Lake Tahoe 
Basin at Sand Harbor in 1958 (Strong 1984). In 1961, there 
was an attempt to create a bi-state park, as recommended by 
an Interstate Commission, through the establishment of the 
Lake Tahoe Park Interstate Park Authority. The proposal was 
sparked by a realization that Nevada had the land and Cali- 
fornia had the funds and the likely user group. This proposal 
was the first attempt to establish a bi-state authority in the 
Lake Tahoe Basin but failed in the Nevada legislature (Fink 
1991). In 1964, the Nevada legislature did pass a park bill 
which allocated funds for the acquisition of a large undevel- 
oped stretch of shoreline owned by George Whittell. In 1967, 
Nevada acquired 3,024 ha (5,000 ac) which became the foun- 
dation of a 5,260 ha (13,000 ac) Lake Tahoe Nevada State Park 
(Strong 1984). 
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Administered by LTB Management Unit 
Hl Non-federal lands 


Map scale 1:360,000 SNEP GIS, June 14, 1995 


FIGURE 12 


Federal land ownership (noted here as lands administered by the LTB Management Unit, USDA-Forest Service) in the Lake 
Tahoe Basin. (SNEP GIS project). 
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The states’ efforts to acquire land (over 7,690 ha [19,000 
ac]) for state parks complemented the USFS efforts to acquire 
larger parcels of land for recreation and conservation pur- 
poses. These acquisitions, totalling 52,600 ha (130,000 acres), 
formed the landbase for large-scale ecosystem protection. 

The rapid urbanization of the Lake Tahoe Basin in the 1950s 
also dramatically influenced the scope and type of land ac- 
quisition within the region. Urbanization, fueled by a increas- 
ing demand for recreation, resulted in the creation of over 
49,000 parcels and the development of 11,300 ha (28,000 acres) 
(Ingrum 1986). The Lake Tahoe Basin’s population grew five- 
fold from 1960 to 1978 (Fink 1991). This urbanization frag- 
mented the Basin’s ecosystem into thousands of parcels of 
different qualities, and resulted in rapid deterioration of air 
and water quality, wetland function, and wildlife viability 
(Fink 1991). Loss of these natural values focused attention 
on the urban areas, whereas previously, the focus of conser- 
vation was on the wildland mountains, forests, and portions 
of the shoreline. It became evident that urban activities af- 
fected the natural areas, and as such, the practice of preserv- 
ing of natural areas while allowing development of urban 
areas was no longer a sound method of resource management. 

Monitoring made the impact of urbanization on water qual- 
ity in particular very clear. In the late 1950s, the focus was on 
the disposal of sewage on lands within the Basin. Sewage 
export was ordered in both states by 1966 and was accom- 
plished by 1975 (Fink 1991). During the 1960s, the role of 
stream-borne nutrients to water quality of the lake began to 
be examined. In the 1970s, studies showed that the occur- 
rence of free-floating algae (planktonic) and attached algae 
(periphyton) were closely related to urban development 
(Goldman 1989). Research showed that a direct positive rela- 
tionship existed between increased urban land coverage and 
land disturbance and decreased water quality (Goldman 
1989). It also became more evident that most nutrients spur- 
ring algal growth in the lake resulted from non-point sources 
such as disturbed soils, enhanced runoff over impervious 
surfaces, air pollution, and destruction of natural vegetation 
and wetlands (Goldman 1989). Point sources such as golf 
courses which were regularly fertilized were also identified 
as potential nutrient sources (Goldman 1989). 

With the pursuit of regional management strategies dur- 
ing the 1970s, there was a growing recognition of the need for 
an expanded basis of land acquisition. The call for expanded 
and accelerated federal and state acquisition efforts came from 
the League to Save Lake Tahoe, TRPA, Western Federal Re- 
gional Council (1979), and SWRCB (1980). The call for ex- 
panded acquisition efforts, including small subdivided parcels 
in already developed areas, resulted from recognition that the 
remaining undeveloped environmentally sensitive lands 
needed to be protected in order to prevent introduction of 
additional nutrients to the lake, to provide future opportuni- 
ties to restore the nutrient-removal capacity of natural sys- 
tems, to provide an equitable alternative to landowners, and 
to relieve pressure on the planning process. This proposal 


was an extraordinary shift in policy because the acquisition 
of this type of parcel was previously considered too expen- 
sive and controversial, because the parcels were thought to 
be too difficult to manage. However, increasing scientific 
evidence pointed out the value of these small pieces of the 
ecosystem. They were thought to perform important ecosys- 
tem functions, including being important in the maintenance 
of the clarity of Lake Tahoe. 

During the 1980s, three federal and state acquisition pro- 
grams were established primarily to acquire environmentally 
sensitive urban lots. The procurement of funding sources was 
key to implementation of these programs. In 1980, the fed- 
eral Santini-Burton program was established, in part, for the 
acquisition of environmentally sensitive lands. The USFS has 
made substantial progress in implementing this program. It 
has expended $99.1 million for the acquisition of 3,479 par- 
cels involving 4,582 ha (11,322 acres) in both states (Marlow 
1996). 

During the 1980s, the voters in California and Nevada ap- 
proved environmental bond acts in 1982 and 1986, respec- 
tively. These actions were consistent with a national trend 
toward greater involvement by states, using bond-funded ac- 
quisition programs to deal with environmental protection 
(Fink 1991). The development of such programs is under- 
standable in light of the states’ traditional responsibility for 
land-use regulation. The programs were developed indepen- 
dently by each state. Previous attempts to establish a bi-state 
park authority and a basin-wide Tahoe Conservancy agency 
in 1973 were not approved by Nevada. Consequently, these 
programs evolved separately, unlike the successful effort to 
establish a bi-state land-use regulatory agency (i.e., TRPA). 

The California 1982 bond act provided $85 million of funds 
for the acquisition and management of undeveloped prop- 
erty for the purposes of protecting the natural environment, 
providing public access opportunities, and preserving wild- 
life habitat (Tahoe Area Land Acquisitions Commission 1983). 
Upon approval of the bond act, the Tahoe Area Land Acquisi- 
tions Commission (TALAC) was formed to advise the gover- 
nor and the legislature on the implementation of the bond act 
program. After a series of public hearings, TALAC recom- 
mended the use of a conservancy model. Conservancies in 
both the non-profit and state agency sectors were created to 
affirmatively deal with resource needs and to resolve land- 
use conflicts in a regional and more decentralized manner. 
They represented attempts to adapt institutional structure to 
regional ecosystems. The CTC was established only for the 
California side of the Lake Tahoe Basin because it could be 
designed under California law, with amendments to the origi- 
nal legislation, to be a regionally-based and locally headquar- 
tered agency with broad authorities to accomplish a range of 
objectives, and with a governing board which reflected a bal- 
ance of state, local, and federal entities necessary to success- 
fully implement its programs (Tahoe Area Land Acquisitions 
Commission 1983). The activation of a regional agency was 
also thought to be desirable because it would be more respon- 
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sive to landowners and management concerns as it was based 
in the region; it would have shorter lines of communication 
and fewer levels of decision-making than a typical state-wide 
agency. The conservancy model also placed an emphasis on 
the resolution of land-use conflicts (Machida and Gussman 
1988). 

Prior to the authorization of CTC, the State of California 
completed the acquisition of the 310 ha (770 ac) Lake Coun- 
try Estates for the purpose of resolving land-use litigation. 
This action was a precursor of the state’s interest in using the 
CTC to resolve land-use conflicts in the Lake Tahoe Basin 
through acquisition. To date, it has settled five major long- 
standing lawsuits against regulatory agencies through “will- 
ing-seller” acquisitions. 

The CTC is continuing to implement its acquisitions pro- 
gram. The CTC has been able to expand the scope of its pro- 
grams to include (1) the acquisition and improvement of 
developed and undeveloped property to prevent disturbance 
of environmentally sensitive lands, (2) the restoration of de- 
graded lands through erosion control, watershed restoration, 
and transfer of development rights and mitigation programs, 
(3) the provision of new or expanded access facilities to the 
lake and other natural areas, and (4) the protection and en- 
hancement of wildlife habitat. Pursuant to these programs, it 
has authorized the expenditure of over $92 million for the 
acquisition of over 5,000 parcels of land involving over 2,830 
ha (7,000 ac) (California Tahoe Conservancy 1996). Mitiga- 
tion credit, or transfer of development rights, has been pro- 
vided for over 2,300 private and public projects (California 
Tahoe Conservancy 1996). It should be noted that the num- 
bers for these two programs include CTC grants to the USFS; 
therefore, there is some double-counting in both programs. 

In Nevada, the voters approved a $31 million environmen- 
tal bond act in 1986. Of this amount, approximately $23 mil- 
lion was allocated for acquisitions and $8 million for 
soil-erosion control projects. Nevada also used a commis- 
sion (Commission for Land Acquisition in the Tahoe Basin) 
to recommend the parameters of a program to the governor 
and the legislation. The commission recommended utiliza- 
tion of an existing governmental entity, the State Lands Divi- 
sion (Division) to acquire land under the bond act program. 
Recently, the Division received authorization to establish a 
mitigation bank similar to California’s program. To date, the 
Division has acquired 497 parcels involving approximately 
85 ha (212 ac) (Pam Wilcox, Director, Division of Lands, State 
of Nevada, interview March 12, 1996). 

Non-profit land trust organizations have also played a 
prominent role in assisting public land acquisition programs 
in the Lake Tahoe Basin. Generally, these organizations se- 
cure options to acquire land, if public acquisition funds are 
unavailable, and sell land to public agencies when funds be- 
come available. For example, the Trust for Public Land has 
assisted the USFS and CTC in acquiring 156 parcels (over 360 
ha [900 acres]), including the USFS’s Secret Harbor project 


involving 1,070 m (3,500 feet) of shoreline in Nevada (David 
Marlow, Lands Oficer, LTBMU, interview March 13, 1996). 
With the increase in public land ownership and associated 
land uses over the past 100 years, several significant trends 
are apparent: (1) the percentage of private and unclaimed 
lands decreased to only 12% of the landbase, with the high 
percentage of public, non-urbanized lands offering signifi- 
cant cooperative resource management opportunities between 
the USFS, state parks, conservancy lands, utility /improve- 
ment districts, and Natural Resources Conservation Service 
(NRCS)/Resource Conservation Districts; (2) opportunities 
to achieve and maintain TRPA’s environmental thresholds are 
significantly dependent on publicly managed lands, especially 
thresholds involving wetland restoration, sediment reduction, 
fish and wildlife habitat, recreation, and vehicle miles trav- 
eled; federal, state, and local programs and budgets are an 
integral part of helping the Basin meet the environmental 
thresholds; (3) availability of publicly owned lands is also a 
critical component in meeting community needs for trans- 
portation and utility corridors, administrative sites, integrated 
erosion-control sites, and community recreation sites. 


Site Improvements 


The USFS, state agencies, local governments, and non-profit 
organizations are involved in a range of site improvement 
programs, as the work only begins with acquisition activi- 
ties. Many different ecological improvements are underway, 
including better routing and construction of trails, restora- 
tion of converted meadows to include natural wetland func- 
tions, and revegetation and rewatering of streamside zones. 

During the first seventy years of this century, the public 
sector’s investment in site improvements was directed to- 
wards transportation, development of water supplies, fire 
protection, sewage treatment, and recreational improvements, 
all increasing the accessibility of the Basin for humans. Dur- 
ing the past fifteen years, a substantial investment in preserv- 
ing water quality and protecting the environment has been 
made as well. 

In 1980, the federal Santini-Burton program was also es- 
tablished, with a focus on erosion-control and wetland-resto- 
ration projects. In 1980, both states also established 
erosion-control grants programs. Many agencies have coop- 
erated in implementing soil-erosion control and wetland-res- 
toration projects in the Basin. Acombination of federal, state, 
and local funds were procured to fund substantial grant pro- 
grams. These funds are administered by the USFS, CTC, 
LRWQCEB, and TRPA. The primary implementation agencies 
are local governments. Their involvement began in 1979 when 
Washoe County implemented the Upper Fairview project. The 
involvement of local government has been critical in these 
programs because of their ownership of street rights-of-way 
and project development, implementation, and management 
capabilities. 

All of the local governments (El Dorado County, city of 
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South Lake Tahoe, Placer County, Washoe County, Douglas 
County) and public utility districts (6STPUD, TCPUD, NTPUD, 
Incline Public Utility District) are currently implementing 
projects. The Tahoe Resource Conservation District, in con- 
junction with NRCS, is providing technical and planning as- 
sistance to many of these entities 

In addition to local governmental efforts, the state trans- 
portation agencies (CalTrans and NDOT), state park depart- 
ments, and resource management agencies (e.g., USFS, CTC) 
are implementing projects on their properties. 

Between 1977 and 1992, federal, state, and local agencies 
have invested approximately $90 million in erosion-control 
and SEZ site-improvement restoration projects (TRPA 1992; 
USS. Forest Service 1996). Of this total, the states provided 
60%, the federal government provided 31%, and local sources 
contributed 9% of the funding. These totals do not include 
land acquisition costs. State contributions have been substan- 
tial, with the Nevada contributing approximately $16.2 mil- 
lion (TRPA 1992), and since 1980, California contributing a 
total of $40 million for soil-erosion control and SEZ restora- 
tion site improvement grant projects through the SWRCB 
($13.2 million) and the CTC ($26.9 million) (California Tahoe 
Conservancy 1994). This investment is helping to restore the 
Lake Tahoe Basin’s landscape. As an example, local govern- 
ments have revegetated more than 47 ha (115 acres) of land, 
restored 26 ha (65 acres) of disturbed wetlands, and con- 
structed more than 11 k (70 miles) of roadside drainage facili- 
ties to control erosion and restore the watershed through 
grants by CTC. Since the inititation of the Santini-Burton pro- 
gram, the USFS has awarded $16.2 million in grants for sev- 
enty-six projects. 

The CTC and Department of Parks and Recreation (DPR) 
are conducting site improvement activities under public ac- 
cess and wildlife programs. Public access site-improvement 
funds are being used to construct hiking, biking, and cross- 
country ski trails (with 45 km [28 miles] of trails acquired or 
constructed to date) and trailheads; the construction and ex- 
pansion of parks and support facilities such as restrooms and 
parking areas; and the installation of interpretive facilities. 
The wildlife site-improvement funds are being used to restore 
streams and offshore habitat areas, marshes, and riparian ar- 
eas and to meet the special habitat needs of the bald eagle, 
peregrine falcon, and osprey. These projects are being imple- 
mented directly by the agencies or through grants to federal, 
state, and local agencies and to non-profit organizations. To 
date, CTC has authorized the expenditure of $5.8 million for 
public access site-improvement projects and $2.7 million for 
wildlife enhancement projects. In total, CTC has authorized 
a total of $41 million for site improvement projects (Califor- 
nia Tahoe Conservancy 1996). 

The states are also actively managing their properties to 
the extent feasible with available funds. To a large extent, 
site-improvement planning still needs to be completed for 
state properties. For example, acquisition has provided op- 
portunities to build new parks. However, the construction of 


the parks will depend on the provision of additional fund- 
ing. During the interim, the natural resources of the sites are 
being restored. In terms of CTC, acquisition activities are still 
ongoing. The CTC management efforts are involved in man- 
aging over 4,000 parcels including thousands of subdivided 
lots. Management is especially challenging because many of 
the parcels are located in developed neighborhoods where 
there is great potential for unauthorized uses. 

Resource restoration projects are being undertaken by both 
DPR and CTC. The DPR is undertaking a number of projects 
to preserve and enhance biodiversity at state parks within 
the Basin (Catherine D. MacDonald, California Department 
of Parks and Recreation, telephone conversation, December 
31, 1996). Reflecting its ownership pattern, CTC is focusing 
on restoring smaller parcels, improving forest resources, and 
planning and implementing site improvement projects (e.g., 
Kings Beach Access Project) under all of its programs. A pri- 
ority is being placed on forestry management projects because 
of the urgency to deal with both fuel reduction needs near 
subdivisions and forest enhancement needs. Approximately 
200 management projects have been undertaken, with resto- 
ration of more than 460 ha (1,140 acres) of key habitat areas 
and 23 km (14.3 miles) of streamside zones for riparian and 
fisheries habitat purposes (California Tahoe Conservancy 
1996). Additional funding will be required to do larger 
projects. The CTC is also participating in basin-wide coordi- 
nation efforts between public agencies and private parties 
such as TCORP and several public and private coordination 
efforts such as Mt. Watson study group in Tahoe City. 

Since the early 1980s, the USFS has also conducted a broad 
range of management activities. The USFS has made substan- 
tial investments in recreation improvements, watershed res- 
toration, wildlife and fishery improvements, and forest health 
needs. Over $5 million, including partnership funding, has 
been committed in master planning of the Heavenly Ski Area, 
the Tallac Historic Site restoration and interpretation, reno- 
vation of the Stream Profile Chamber, and renovation of re- 
sorts. An additional $5 million has been expended on the 
restoration of 1,400 ha (3,500 acres) of USFS lands. With part- 
nership funding, the USFS has restored approximately 182 
ha (450 acres) of wildlife habitat and 13 km (8 miles) of stream 
(which benefited 130 km [80 miles] of stream systems) and 
conducted a riparian assessment of 480 km (300 miles) of 
streams in the Basin. 

Since 1989, the USFS has placed a priority on forest health 
and reducing fire hazards. In order to comprehensively deal 
with these needs, it has provided leadership in three coordi- 
nation efforts: 


1. TRPA’s Forest Health Consensus Group, which is seeking 
a consensus among public agencies and interested groups 
on long-term forest health goals; 


2. The Lake Tahoe Unified Steering Group for Forest Health 
Assessment and Protection, which is coordinating the 
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implementation of projects and the dissemination of in- 
formation; and 


3. The Tahoe Re-Green program, which is coordinating the 
removal of dead and dying trees and the creation of de- 
fensible space on private, state, and federal urban lots. 


The USFS is undertaking activities at various scales. 
Through planning and contract activities, it is undertaking 
large-scale removal of dead and dying trees and thinning on 
approximately 8,100 ha (20,000 acres) (with a total of 2,020 ha 
[50,000 acres]) identified as in need of treatment) in order to 
regain long-term forest health, treat its urban lots, and create 
a defensible space fuels profile zone along 13 km (8 miles) of 
urban interface. 

Several resource management activities have been imple- 
mented in the Lake Tahoe Basin. These activities are needed 
to sustain both the natural ecosystem and the human com- 
munities dependent upon it. Although more needs to be done, 
these efforts are beginning to transform the Basin’s landscape. 


A VIEW TO THE FUTURE AND 
BROAD LESSONS ON ECOSYSTEM 
MANAGEMENT 


Future Needs and Directions for the Lake 
Tahoe Basin Ecosystem 


Even though there is a long and complex history of human 
use, scientific assessment, and evolving institutional manage- 
ment of the Lake Tahoe Basin, we have identified future needs 
and directions to help sustain and even improve the ecologi- 
cal health of this system. This includes addressing the needs 
listed below. 

Monitoring—lIt is clear to most Basin institutions that a 
broad and sustained science-based monitoring program of 
many ecosystem elements is required to track the ecological 
health of the Lake Tahoe Basin ecosystem and the many val- 
ues which are dependent upon it. Although the lake itself 
acts to integrate various ecosystem changes, and reflects these 
through its water quality and primary productivity, there can 
be tremendous lags between cause and effect, and as such 
measuring various biotic and physical components of water- 
sheds are crucial. Streams may store sediment for decades, 
with only catastrophic or above normal events resulting in 
transport into the lake. The declining health of the forest it- 
self is a serious issue and one that needs to be better moni- 
tored and assessed. Lake Tahoe Basin managers must work 
with TRPA to address the fullest possible suite of atmospheric, 
hydrologic, biotic, and geologic indicators and processes to 
monitor. The TRG, LTIMP, the USGS, the University of Ne- 
vada, the USFS ecosystem management group and other ex- 
perts should be consulted. 


Research—Monitoring and research are not the same, al- 
though many long-term research projects and programs col- 
lect data that can be used for long-term monitoring of the 
state of or change in any ecosystem element, condition, or 
process. The key here is asking the right research questions 
to best address the health of the Lake Tahoe Basin ecosystem, 
identifying the key variables to be monitored as a part of these 
programs, and then obtaining the funding necessary to sup- 
port research. Unfortunately, research has one of the lowest 
priorities for funding in the Lake Tahoe Basin. Research fund- 
ing should have a high priority. Due to the multi-year nature 
of most ecosystem research projects, it is often difficult to in- 
tegrate and sustain their funding in annual agency budgets, 
yet the results of long-term research should be central to guid- 
ing expenditure of restoration funds in particular. We en- 
courage Lake Tahoe Basin institutions to design a process to 
further address these needs. Biogeochemical cycling and the 
nutrient budget of the entire Lake Tahoe Basin ecosystem are 
an obvious target for further research, especially as this re- 
lates to manipulation of watershed vegetation. This gap in 
knowledge is addressed by various research groups from the 
University of Nevada, University of California, Davis, USGS, 
TRPA, the USFS, the LRWQCB and others. 

The Forests—We have discussed herein the historical evo- 
lution of the forest ecosystem through the Comstock era to 
the present. The history of the Basin’s changing forests is 
coming together with more and better information from pol- 
len cores, from knowledge of the spatial-temporal pattern of 
historical fires and logging and the response of forest types 
to decades of disturbance, and from climate change research. 
The extent to which understanding history can effectively 
guide future management is unclear. The USFS estimates that 
25-40% of the standing timber in the Basin is now dead, with 
impacts on associated plants, wildlife, and microbiota. The 
FHCG describes more open forests as being a desirable fu- 
ture condition. Most of those who informed the case study 
team believe that the current “dense and dying” forest struc- 
ture increases the risk of large wildfires. These several obser- 
vations work together to argue for a program of forest 
thinning, selective removal of dead trees, prescribed burn- 
ing, or other treatments of residual fuels. However, the case 
study team was not able to find evidence that there is a com- 
plete understanding of the ecological effects of these forest 
treatments. This is especially true with regard to how differ- 
ent forest treatments, alone or in combination, will increase 
or decrease the flow of nutrients to the lake. This gap in un- 
derstanding was mentioned importantly as an opportunity 
to link terrestrial and aquatic research toward a coordinated 
forest structure and lake clarity management program. 

The role of forests in settled and urban parts of the Basin 
has yet to be understood in spite of research elsewhere that 
examines the role these trees play in (a) the movement of fire 
between buildings and trees, (b) energy consumption in build- 
ings, (c) air pollution concentrations in the Basin, (d) the tim- 
ing and quality of urban runoff, and (e) the containment or 
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spreading of forest insects and disease. Chemical fluxes from 
anthropogenic sources must be understood as they move into 
and through the urban forest canopy, into and through the 
soil system, into and through the riparian systems, and into 
the lake. Given the critical place of forests in the Basin eco- 
system—regarding fire, nutrient flux, wildlife, and aesthet- 
ics—comprehensive knowledge that combines urban and 
wildland forest components is far from being achieved. 

The LTBMU believes that reaching and then maintaining 
forest health through pre-fire suppression activities must be 
a goal. Others believe that the highest priority for forest man- 
agement must be directed to sustaining high water quality. 

Transportation—A portion of the Basin’s environmental 
problems can be traced in large part to its ill-conceived trans- 
portation system; a system which has resulted in tremendous 
land conversion, displaced wetlands, increased erosion and 
sedimentation, barriers to fish migration, the production of 
haze, carbon-monoxide hot-spots, and noise. Serious atten- 
tion, with the necessary political will, needs to be directed to 
the creation of a public regional transportation system, much 
as some of the national parks have investigated. 

Housing—Lake Tahoe’s evolution from a summer resort 
community, with resort and service staffing largely provided 
by college students, to a year-round recreational destination 
staffed by low-wage-earners, largely minorities, has resulted 
in a housing crisis in which too many people compete for too 
few affordable accommodations. New approaches need to 
be undertaken at Lake Tahoe to meet the needs of all seg- 
ments of the evolving and diversifying economic community. 

Institutional mechanisms such as the non-profit Tahoe- 
Truckee Housing Development Corporation (Ruth Frishman, 
Esq., Founder, Tahoe-Truckee Housing Development Corpo- 
ration, 1995) can be used to help deal with housing problems. 
Joint ventures among non-profits such as this program and a 
developer and a local government are very common, and it 
may be possible to nurture such working relationships in the 
Lake Tahoe Basin. Progress on defining and finding afford- 
able housing is being made. As an example, a desire to pro- 
vide affordable housing has been expressed by the city of 
South Lake Tahoe in its “Renaissance 90” report (as well as 
by Truckee, Nevada County, and others). The city of South 
Lake Tahoe and a private developer recently completed a 28- 
unit affordable housing project, the Tahoe Pines, near the Bijou 
School and an older affordable housing project, Chateau Bijou. 
This $3.4 million project was paid by grant funding from HUD 
home funds via the State of California, along with money from 
the developer, whom applied for and received California and 
federal tax credits. The city of South Lake Tahoe is also oper- 
ating a housing rehabilitation program, where owners of 
single-family homes who meet certain income requirements 
can receive easy-term, low-interest loans. This loan fund is 
capitalized by a Community Development Block Grant from 
the State of California. It should be noted that the South Tahoe 
Redevelopment agency is required, by law, to participate in 
housing programs. A portion of the tax increment revenues 


must be used for housing, and the Agency must replace any 
displaced affordable housing within four years. 

Provision of Washoe Presence in the Lake Tahoe Basin—The 
Washoe were forced out of the Basin in the last 100 years. 
The Washoe filed a land claim in 1951 that was not settled 
until the 1970s. However, there has never been any serious 
discussion about giving pieces of the lakeshore system, which 
they so value, back to them. From an ecosystem manage- 
ment context, it is appropriate for this discussion to proceed. 
Washoe gatherers can share information and reintroduce prac- 
tices that once contributed to sustainable meadow ecosystems. 
Collaboration between tribal elders and the USFS encourag- 
ing traditional plant use and horticulture has already dem- 
onstrated the value of human dimensions of the natural 
system. Restoration projects are obvious targets for further 
collaborative activities along these lines. 

Heritage Resources —To describe the biological, physical, and 
cultural/social conditions that existed in the past, land man- 
agers are using prehistorical data sources. Archaeological 
remains provide verification that is independent of the shorter, 
written record and as such needs to be preserved, conserved 
and appropriately managed to improve our understanding 
of the dynamics of past, current, and future ecosystem trends 
that will help us sustain the quality of the Lake Tahoe Basin 
ecosystem. 

Increased Investments—The demand in the Lake Tahoe Ba- 
sin for money to support sound ecosystem management is 
staggering. Identified water-quality and wetlands needs alone 
are enormous. How can funds be acquired to support the 
publicly-adopted goal of lake water-quality restoration and 
affiliated concerns? It costs a tremendous amount on a recur- 
ring basis to repair and restore past detrimental land-use 
changes alone. Hundreds of millions of dollars have been 
spent in the last fifteen years on public and private land res- 
toration, and the restoration process is not complete. Due to 
tremendous land subdivision and mixed land ownership, it 
has been necessary to manage and restore lands on a very 
small scale, parcel by parcel, with the responsibility to restore 
the land on its owner. Mitigation banks play an important 
role here, and the existence of the CTC and Nevada Division 
of State Lands have created basin-wide mechanisms for miti- 
gation and subsequent restoration. Further steps need to be 
taken to restore land-use impacts on all private property, and 
education has to be a part of this effort. 

Lake Tahoe is the single most important recreation compo- 
nent of the Sierra Nevada economy (Stewart 1996). Thus, the 
expenditure of funds to sustain the high environmental qual- 
ity of the Basin is well justified. More work needs to be done 
on whether or not the design of assessment or fee mechanisms, 
such as those who benefit the most economically from Lake 
Tahoe’s environmental assets also pay the greatest share of 
sustaining the ecosystem, would be of benefit. 
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Learning from the Lake Tahoe Experience 


Several important lessons for SNEP have been identified from 
this case study of the Lake Tahoe Basin ecosystem, and we be- 
lieve that SNEP and its users can benefit and learn from them 
in order to better manage the future of the Sierra Nevada. 

It Takes Time and Effort to Create a Unified Vision —Without a 
unified core of opinion leaders and coalition building, the so- 
lutions to complex ecological problems are difficult to iden- 
tify, much less achieve. It has been learned from the Lake 
Tahoe Basin experience that there must be equality among 
players for trust to be built that, in turn, allows the group to 
move forward. In the Lake Tahoe Basin, it is evident that 
what began as a bottom-up process with the concern of con- 
servation-minded citizens who brought the issue of environ- 
mental degradation to the attention of public officials, became 
successful as shared goals were identified with state, regional, 
and federal officials. New laws were written and enforced. 
There was and continues to be a consensus process in that the 
many agencies and public work with TRPA to enforce the 
thresholds and standards for the Lake Tahoe Basin. 

The Consensus Building Workshop of 1985 through 1987 
brought together stakeholders who had been battling for 
years, but who had much in common and great creative en- 
ergy once they learned to work together. The workshop cre- 
ated new options, and it produced innovative programs like 
Individual Parcel Evaluation System, land banking, and trans- 
fers of development rights (including land coverage, build- 
ing allocations, future development rights, and existing 
development). Perhaps the workshop was just an example 
of an idea whose time had come, but it is a process that ap- 
pears to be a transferable model. It is important to recognize 
that key forces may come from the inside or outside of the 
region of concern; in the Lake Tahoe Basin, it was a combina- 
tion of both, with TRPA leadership providing the forceful yet 
respected guidance to bring external and internal groups to- 
gether. 

Litigation Is Costly —Lake Tahoe has a long history of clashes 
and litigation between the development and conservation 
communities. Many of the issues which have been addressed 
by the courts have been narrowed and focused in the litiga- 
tion process. Many would see this as beneficial. However, it 
is important to try to change the culture from a litigious one 
to one of consensus. This change in culture has begun in the 
Lake Tahoe Basin. 

Threshold-Based Planning Shows Promise for Ecosystem Man- 
agement—The concept of threshold-based planning found in 
the 1980 revisions to the Compact for water quality, air qual- 
ity, soil conservation, biota, noise, recreation, and other envi- 
ronmental parameters created a favorable environment for 
planning and management by authorizing the stakeholders 
to set their goals up front. This adaptive management pro- 
cess requires environmental baseline data. The planning that 
follows, however contentious, benefits greatly from these 
“lofty goals” and a shared horizon, as a former TRPA board 


member dubbed them. The TRPA regional plan moves for- 
ward in five-year strides, long enough to allow the plan to 
work without constant fiddling, but short enough to allow 
all of the involved institutions to monitor, evaluate, and make 
adjustments. Finally, ongoing programs figure out a way to 
survive and some flourish within this framework. 

It is very important that this process be flexible and able to 
adapt to and accommodate the needs of the resource, espe- 
cially as it responds to episodic environmental change that 
may not be predictable. It is also important that the regula- 
tory institution (TRPA) has the strength as a “legal hammer” 
to be effective. It is important to also recognize that various 
local, state, and federal agencies worked to see the creation 
of TRPA, and that many parties gave up their sole regulatory 
authority. The legal hammer of TRPA provides conservation 
interests with the ability to require TRPA to follow the law, 
which enabled the consensus. 

Land Aquisition and Restoration Programs Are of Great Value— 
The USFS and the Santini-Burton land acquisition program 
made great contributions by setting aside and managing thou- 
sands of acres of land for the public use. In addition, with the 
support of the voters and their respective state governments, 
California and Nevada have contributed greatly to the well- 
being of the Lake Tahoe Basin with their lands programs, cen- 
tered in the CTC and the Nevada Division of State Lands. 
Certainly, there are questions about these programs, but it 
would be difficult to conceive of the best management pro- 
grams for the Lake Tahoe Basin today without them. Today, 
more than 85% of the Basin lands are in public ownership. 
With land mitigation and subsequent ecological restoration, 
BMPs need to be well quantified, evaluated for their cost ef- 
fectiveness, reported upon, and further implemented. 

Redevelopment Is A Tool—Redevelopment activities are cer- 
tainly of local economic value and are applicable to the Lake 
Tahoe Basin and other urban centers in the Sierra Nevada. 
Because the Lake Tahoe Basin is geographically defined, and 
land values are intrinsically high, the recycling and reuse of 
“improved” property is an appropriate avenue for economic 
development and environmental protection. 

Ecological Monitoring Is Costly But Extremely Valuable—Eco- 
logical monitoring enables enforcement of TRPA standards 
and thresholds while providing a better understanding of the 
ecosystem. It is a $1 million per year program with many 
agencies contributing their expertise and funds. The true need 
for funds probably $2 million per year. Monitoring must be 
well coordinated among all parties and addressed at the in- 
teragency level, and should also be driven by and comple- 
ment research needs and objectives. With the high cost of 
monitoring and further data analysis, optimal sampling 
theory should be used in the design of a data collection sys- 
tem, where the level of data needed across space and time is 
carefully evaluated. For example, long-term extensive, less 
detailed monitoring will allow the detection of trends, 
whereas local, intensive, detailed monitoring allows one to 
answer site-specific questions. Selection of the proper param- 
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eters and processes for monitoring is especially crucial in judg- 
ing the effectiveness of restoration projects at varying scales. 

In the Lake Tahoe Basin, monitoring is done to enforce 
thresholds. It becomes important to select a reference year or 
period (e.g., 10- to 30-year mean or mode) to use as the baseline 
for trend analysis. For the Lake Tahoe Basin, 1974 was se- 
lected as the reference year for many of the indicators, based 
on available data. There were ten years of data for a narrow 
set of parameters prior to 1974 to serve as a reference basis. 

Long-Term Ecological Research is Valuable—Much discussion 
focuses today on the natural range of variability of ecosys- 
tems or their historic variability, as managers strive to iden- 
tify acceptable ecosystem conditions in the hope that the 
system will be self-sustaining or sustainable with targeted in- 
puts. Long-term data exist for thirty or more years for some 
ecosystem elements, especially the lake itself. Significant col- 
laboration has occurred among university, agency, and inde- 
pendent scientists, and some of this research has linked studies 
of the atmosphere with the forest, the lake, and the human 
system. However, further ecosystem and long-term research 
remains to be initiated and better integrated. Many histori- 
cal references and materials exist for the Lake Tahoe Basin, 
including photographs, writings, and some early inventory 
information (e.g., Bliss special collections noting number and 
sizes of trees logged). Other information will soon become 
available (e.g., with the publication of George Gruell’s repeat 
photography). Valuable information can also be gained by 
obtaining oral histories from long-time residents whose per- 
sonal observations provide information on land-use and eco- 
system change. However, the tremendous set of historical 
information has not been thoroughly researched. Further- 
more, historical data are present in lake and stream sediments, 
in cave deposits, and in tree-rings. 

Lastly, it is important to make all research data available to 
everyone, so they can study, understand, use, and learn from 
it. As such, a central research base and program in the Lake 
Tahoe Basin would be very profitable to scientists, managers, 
and the public. Natural building blocks for this program in- 
clude TRPA database and staff, the Special Collections of the 
University of Nevada, Reno, the TRG and AQG, the Univer- 
sity of Nevada and its Desert Research Institute, the scien- 
tists of the California Fish and Game, DPR, and DWR, and 
CTC, members of the Washoe Tribal Organization, the USFS 
LTBMU and Pacific Southwest Research Station scientists, the 
USGS, and others. As indicated previously, the process of 
defining a long-term ecosystem research program has begun 
through the involvement of TRG with TRPA and LRWQCB. 

Coalitions, Partnerships and Education—The Lake Tahoe Ba- 
sin community and the ecosystem of which it is a part have 
benefited from a number of very positive public-private part- 
nerships and coalitions which have formed over the last thirty 
plus years, including TTREC, TCORP, various transportation 
management associations including the TTC, and the Tahoe 
Center for a Sustainable Future. Partnerships of these types 
are being formed in other regions of the Sierra Nevada. It 


has been evident in the Lake Tahoe Basin that widespread 
public support is crucial for financing for various ecosystem 
purposes. Public support for and acceptance of land restora- 
tion and multi-jurisdictional land/resource planning and 
management has largely been sustained in the Lake Tahoe 
Basin over this time period. The need for further education 
on ecosystem analysis and management, and database analy- 
sis and management, has been identified and the Tahoe Cen- 
ter for a Sustainable Future, is working with many parties to 
fulfill this need. 


Applicability of the Experience in the Lake 
Tahoe Basin to Ecosystem Management in 
the Sierra Nevada 


A considerable amount of legislation, time, staff, and funds 
has been directed towards the management of the Lake Tahoe 
Basin ecosystem. Insights from this thirty year plus history 
may shed light on what may benefit others as we strive to 
better manage Sierra Nevada ecosystems. 

How much do we need to know to manage an ecosystem?—A 
substantial quantity of literature has been written on the Lake 
Tahoe Basin, and there is considerable data on many elements 
of the ecosystem. However, it is clearly recognized that there 
is a great deal more to learn in order to better manage the 
ecosystem. For example, there is not a comprehensive nutri- 
ent budget for Lake Tahoe. Although much is known about 
stream-borne nutrients, there is a need to know more about 
the deposition of nutrients from the atmosphere and their rela- 
tive contribution to the nutrient budget. Complex bio- 
geochemical processes will also take many years of study. 

When is enough known? Obviously, it could be argued 
that there is always insufficient information. However, sig- 
nificant resources have been committed to approaches in the 
Lake Tahoe Basin based on the “best available knowledge” of 
the time. In terms of our experience, it appears the key is to 
collect what is known and to distribute this information to 
the public and agencies in a integrated and understandable 
manner. This compilation is an important starting point. This 
activity was performed in the Lake Tahoe Basin, in part, with 
the release of key ecological assessments, including the LTAC 
(McGauhey et. al., 1963) report; the Western Federal Council 
Environmental Assessment Report (1979); TRPA’s Environ- 
mental Threshold Study (1982); TRPA’s Regional Plan, the 
“208” plans (California State Water Resources Control Board 
1980; Tahoe Regional Planning Agency 1977, 1988); and vari- 
ous TRG efforts (e.g., goldman 1974, 1981; Byron and Goldman 
1986). Review of these works has enabled identification and 
discussion of what we do and do not know. The process has 
allowed participants to develop a level of trust because ev- 
eryone has access to the same information. The SNEP GIS, 
database and report (Sierra Nevada Ecosystem Project 1996) 
should provide other valuable sources of scientific informa- 
tion both to the Basin and the entire Sierra Nevada. 
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How do you define the objectives of ecosystem management?— 
In the Lake Tahoe Basin, the answer in part could be charac- 
terized as a combination of improving certain attributes of 
the region (e.g., water quality), sustaining other attributes 
(e.g., wildlife habitat), and minimizing or mitigating the dam- 
age caused by certain activities (e.g., transportation). In at- 
tempting to achieve these objectives, there is an overall goal 
of achieving an equilibrium between the human and the natu- 
ral environments. Environmental threshold standards help 
monitor progress in terms of meeting objectives. It has been 
argued that these environmental objectives are optimistic on 
the one hand and unachievable on the other, or at least diffi- 
cult to achieve in a highly fragmented ecosystem. There is 
also a concern that the thresholds may be inadequate targets 
for sustaining the health of the ecosystem. The need to re- 
claim or restore the damaged ecosystem has resulted in ex- 
traordinary efforts to manage relatively small units of it. 
Implementation of ecosystem management in the Lake Tahoe 
Basin has proven to be extremely complex and costly. How- 
ever, there is a relatively high degree of acceptance of the ob- 
jectives as goals even if there is skepticism about their 
feasibility. Along with this, there must be an on-going public 
process to refine and expand the goals, and scientists and 
managers must work together to inform the public about this 
need. In the Lake Tahoe Basin, there has been a series of pro- 
cesses to accomplish this, including administrative processes 
(e.g., USFS studies), legislative hearings (Z’berg hearings in 
California in 1960s), approval of the bi-state Compact in 1969 
and its amendments in 1980, approval of the environmental 
thresholds in 1982, the consensus process which led to the 
adoption of the 1987 plan, voter approval of bond acts, and 
the five-year review of progress in meeting the thresholds. It 
is important that the public feel it can participate and will be 
given an opportunity to influence decision making. 

In addition, for ecosystem management to work as a con- 
cept, and in order to obtain ongoing support, its objectives 
need to include socio-economic values and concerns along 
with environmental objectives. 

How should you approach ecosystem management?—The Lake 
Tahoe Basin ecosystem is an urbanized and disturbed eco- 
system. It has a mixture of public and private uses. The pres- 
sures to conserve and to utilize resources compete. There is a 
substantial investment of private and public capital. Extraor- 
dinary efforts are being undertaken to preserve the ecosys- 
tem. From this, three primary components to ecosystem 
management and its success to date in the Lake Tahoe Basin 
are becoming apparent. The attributes of disturbance, urban- 
ization, and complexity are similar to those of other Sierra 
Nevada ecosystems. The post-SNEP process will determine 
to what extent these three components can be successful parts 
of adaptive management of these other ecosystems. 

First, monitoring and research have played a key role in 
assessing the condition of some elements of the ecosystem 
and in establishing some cause and effect relationships. Long- 
term datasets over thirty years in length established by 


Charles Goldman and other scientists have been critical in 
documenting the progressive eutrophication of Lake Tahoe. 
This research formed the foundation of many of the programs 
currently being implemented. These activities are critical in 
establishing baseline information, to document changes to the 
ecosystem, and to establish cause and effect relationships. 
This approach should be highly beneficial for the rest of the 
Sierra Nevada. Similar long-term datasets exist for other se- 
lect ecosystems in the Sierra Nevada, including some of our 
national parks sites, ecological reserves and field stations, and 
Mono Lake. 

Second, the establishment of a regional land-use planning 
and regulatory approach was critical in integrating resource 
information and reflecting this information in a basin-wide 
land-use plan. The scale of the approach facilitated compre- 
hensive and integrated planning which crossed jurisdictional 
lines. The approach was used to establish environmental 
thresholds to guide land-use planning. As noted earlier, a 
five-year review process has been built into the assessment 
process in order to allow regional plan adjustments. Addi- 
tionally, the approach unified land-use planning on both pub- 
lic and private lands. For a major part of the Lake Tahoe 
Basin’s history, there seemed to be an assumption that public 
land acquisition and management would largely control the 
ecological future of the lake and that urban uses would have 
relatively little impact on the environment (Fink 1991). The 
effects of urbanization on water and air quality and wildlife 
quickly illustrated the need to plan for all the components 
and ownerships within the Basin. Cross-jurisdictional land 
and resource planning is absolutely crucial to the sucess of 
ecosystem management, although it is difficult to conceive of 
a similar regulatory system for other areas of the Sierra Ne- 
vada. It also appears to be important to integrate public and 
private property in these larger approaches—if only to dis- 
tribute burdens and responsibilities in a more equitable man- 
ner. 

Third, land acquisition, site improvement, and wetland 
restoration programs have proven useful in reclaiming a re- 
source base, restoring the natural biodiversity, and enhanc- 
ing the capacity of existing public lands to perform a range of 
natural functions (e.g., maintenance of water quality). These 
programs help the ecosystem heal and restore the capacity to 
absorb at least some of the future impacts. They also provide 
a choice and mechanism for compensation to landowners and 
a means to achieve local and regional planning objectives. 

Land acquisition programs may not be necessary and fea- 
sible in some areas because of concerns related to the loss of 
property tax revenues. However, they may be appropriate in 
resolving land-use conflicts or providing an opportunity for 
achieving a desirable public objective (e.g., public access). Site 
improvement and wetland restoration programs, however, 
may be needed in many areas. These programs should meet 
broad ecosystem objectives or in some cases react to individual 
project proposals. Additionally, they are a means of diversi- 
fying the local economy and providing jobs. 
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How do you sustain ecosystem approaches?—There are cer- 
tain assumptions which need to be stated in ecosystem man- 
agement. First, the status or condition of the ecosystem and 
the functional relationships of ecosystem components take a 
long time to define. Second, the systems will be constantly 
changing in response to a changing array of inputs. Third, 
there will be a need to adapt to these changes in perpetuity. 
Fourth, it will take time, expertise, and money to continually 
adapt to changing needs and circumstances. 

In the Lake Tahoe Basin, it could be argued that these as- 
sumptions have proven valid. In response, these various ap- 
proaches have been institutionalized through statutory or 
administrative policies and through the provision of funds 
and staff. These activities may ensure that these functions 
can be performed over long periods of time. The LTIMP was 
organized to help consolidate, coordinate, and fund certain 
monitoring efforts. The TRPA was created to regulate land 
uses. The USFS created a special management unit (LTBMU) 
to more effectively collaborate basin-wide and to acquire and 
manage lands. The states of California and Nevada estab- 
lished independent programs designed to regulate land uses, 
acquire and/or manage the resources. Administratively, these 
units were designed to function within the environmental 
boundaries of the Basin. The CTC is an example of adapting 
an administrative model to meet the needs of the region. 

It should be noted that the institutionalization of these ap- 
proaches has made it possible to exert leadership at critical 
times during the Basin’s history. For example, the USFS 
played a critical role in providing support and expertise with 
the design of the Bailey Land Capability System (Bailey 1974) 
in the formative years of TRPA. 

A second response has been the commitment of funding 
sources to these programs. Funding limits these approaches. 
During the past thirty years, a substantial amount of money 
has been committed to support these programs. Due to the 
goals of the programs (e.g., to improve the environment of 
the Basin) and institutional requirements, these approaches 
are expensive to implement and maintain. Over the years, 
hundreds of millions of dollars (e.g., Santini-Burton and state 
voter approved bond acts) have been committed. In recent 
years, funds have been reduced for almost all of the programs. 
However, the institutionalized approaches provide a means 
to marshall and prioritize the use of existing resources and to 
seek additional funds. 

A third response has been the development of specialized 
programs to meet the complex needs of ecosystem manage- 
ment in the Lake Tahoe Basin (e.g., mitigation and transfer of 
development rights programs). Additionally, the institution- 
alization of the approaches has made it possible to allocate 
time and resources to develop new techniques (e.g., 
biotechnical erosion control) and refine technologies (e.g., the 
use of videography to help establish wildlife habitat relation- 
ships) to meet the needs of the region. 

A fourth response has been to develop more participatory 
and inclusive processes. Resource protection efforts have been 


highly controversial and litigious. Conflict existed in the leg- 
islature, Congress, the courts, TRPA, the chambers of local 
government, and in local establishments over the proper 
management of the Lake Tahoe Basin’s valued resources. 

The culture of these approaches has changed overtime due 
to the influence of many factors. A key factor was the use of 
the consensus process by TRPA to secure adoption of the re- 
gional plan in 1987. This process set the stage for a number 
of other processes which are consensus based (e.g., the forest 
health consensus) and cooperative (e.g., South Lake Tahoe 
Redevelopment). Additionally, the availability of funds for 
acquisitions and site improvements has provided the basis 
for cooperative projects (e.g., South Lake Tahoe Redevelop- 
ment) and helped resolve litigation. Third, there is a grow- 
ing appreciation within the private and public sectors that 
cooperation is needed to achieve both agendas, as there are 
not enough fiscal or political resources in either sector to fully 
achieve their own objectives. Consequently, both sectors need 
to share the financial burden and the responsibilities. Finally, 
there is a recognition that the public must become a part of 
the decision-making process in order to sustain support for 
these approaches. Ultimately, this public involvement is the 
only way to sustain regional ecosystem management here or 
elsewhere. 


SUMMARY 


These findings are the interpretations of the SNEP Lake Tahoe 
case study team. They reflect varying degrees of consensus 
among the team members because they are inferences from 
the gathering of many fragments of information and team 
members represent a range of scientific disciplines and insti- 
tutional perspectives. However, it is our conclusion that these 
findings will illuminate the continued management of the 
Lake Tahoe Basin ecosystem and, perhaps even more impor- 
tantly, will inform the bioregional planning and management 
of the Sierra Nevada and its different and unique subregions. 


Understanding the Ecosystem 


The public and private organizations and institutions respon- 
sible for the stewardship of the Lake Tahoe Basin ecosystem 
havea very good knowledge and understanding of the struc- 
ture and function of the terrestrial and aquatic components 
of the ecosystem, and of the atmospheric and anthropogenic 
fluxes through the ecosystem. We believe that this level of 
understanding is higher than for most other ecosystems of 
this size and ecological and institutional complexity in the 
United States. 

More than thirty years of cooperative scientific investiga- 
tions and management actions, coupled with detailed eco- 
logical monitoring, have generated more data and information 
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about this ecosystem than for any other area of comparable 
size in the Sierra Nevada. However, critical weaknesses in 
the understanding of ecosystem processes still exist for sev- 
eral major components, including the major plant communi- 
ties, and especially the forest systems. Ecological mapping is 
far from complete, as is the study of stand dynamics, under- 
story and soil components and processes, etc. Thus, it is un- 
clear how specific forest stands and plant communities may 
respond to certain land management or natural disturbances. 
Several components of aquatic ecosystems also remain incom- 
pletely understood, including the full biogeochemical inputs, 
throughputs and outputs for the lake and the Basin, and the 
general ecology of fens, springs, and pools. Air pollution and 
dry and wet deposition of these substances into the Basin and 
lake are not fully understood, although our knowledge is 
much better than that at other sites. These voids in our knowl- 
edge are largely due to a lack of funding, as various formal 
studies have been proposed to study all components of bio- 
geochemical system. Riparian corridors and the many ben- 
efits they provide to the regional ecosystem are also 
incompletely studied from biological (e.g., wildlife, aquatic 
biota, vegetation) and physical (e.g., soil formation, sediment 
budget, decomposition) perspectives. Paleoecological recon- 
structions are very incomplete. Although recent studies by 
Jassby et al. (1994) and Davis (1996 [appendix 7.2]) have shed 
light on the roles of late-nineteenth century logging and post- 
World War II road and home building, the human impacts of 
the last 150 years are not fully understood as potential causes 
of diminishing lake clarity and ecosystem degradation. The 
nature and extent of the surviving archaeological record of 
the Lake Tahoe Basin is unknown. No one knows exactly 
how many prehistoric and historic sites exist as only a small 
percentage of the area has been systematically surveyed. The 
potential significance of the extant archaeological record in 
modeling the past, present, and future of the regional ecosys- 
tem is promising. However, if the archaeological data are not 
collected before the record becomes too fragmentary to inter- 
pret due to site loss, one of the most important keys to under- 
standing humans as a part of the Basin ecosystem will be lost. 

There is no institution that determines the priority of in- 
vestment for gathering knowledge across the ecosystem, such 
as a science-management advisory board might provide. This 
absence hinders a trans-organizational approach to setting in- 
formation and scientific priorities for the ecosystem as a whole. 

Thus, in spite the wealth of information and a relatively 
high level of understanding of the Lake Tahoe Basin ecosys- 
tem compared to other ecosystems, knowledge is not at the 
level where causes and effects are fully understood. It is not 
known how the lake’s ecology has responded to the history 
of climatic fluctuation and sediment-nutrient flux to the lake 
from natural and human causes, nor how much sediment and 
critical nutrients will flow to the lake with different manage- 
ment actions on the watershed (e.g., additional construction, 
restoration, forest thinning, or burning [either prescribed or 
uncontrolled]). 


Managing the Ecosystem 


The Lake Tahoe Basin management experience is one of the 
best, and longest term, examples of adaptive ecosystem man- 
agement in the world. A coalition of public and private orga- 
nizations cooperate in the gathering of data to determine 
whether the ecosystem is meeting a set of performance stan- 
dards, termed thresholds. There is a growing commitment to 
obtain the best scientific understanding to modify these stan- 
dards and determine the validity, relevance, and usefulness 
of the monitoring data. 

Restoration of ecosystem elements has been modified as 
further knowledge is gained, with science and engineering 
used to guide restoration efforts. This approach is consistent 
with the concept of adaptive ecosystem management in that 
monitoring is a component of every project. The feedback 
link could be improved, however, to solicit better analysis of 
data from the restoration projects and feed it back into adap- 
tive management methods. 

Land acquisition and subsequent restoration activities by 
public agencies have reduced ecosystem degradation locally, 
and are believed to have decreased the rate at which lake clar- 
ity is diminishing. With an incomplete understanding of sys- 
tem lags, it still appears to be a positive step in decreasing 
ecosystem degradation. 

Management of the Basin’s forests is hindered by a lack of 
understanding of how wildland and urban forests interact in 
terms of insect and disease migration, fire behavior, pollu- 
tion flux from air to canopy to soil and water, and wildlife 
habitat gradients. More research is well justified on these for- 
est systems. 

Although regulation of land development may have slowed 
ecosystem degradation and has provided time to establish a 
better understanding, and to restore certain elements, of the 
ecosystem, the coalition of steward organizations continue to 
develop the best processes to guide the range of human uses 
to sustain critical ecosystem elements and processes. Whether 
they will be able through time to halt the decline in lake clar- 
ity and environmental deterioration is yet unknown, partially 
as a function of the slow rate of some ecosystem processes. 
The management perspective thus must be long-term in na- 
ture, and the players patient yet willing to act when neces- 
sary to reverse deleterious actions and processes. 


Applying This Knowledge to the 
Greater Sierra Nevada 


The accuracy with which ecosystem structure and function is 
defined greatly helps to focus management issues and nar- 
row the debate which, in turn, nurtures institutional coop- 
eration and coordination. The Lake Tahoe Basin has sharp 
watershed boundaries, and the large, geographically domi- 
nant lake with its visible decline in water clarity and pro- 
nounced shoreline impacts focused the issues. In other Sierra 
Nevada ecosystems with less sharply-defined boundaries and 
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less visible ecosystem changes, efforts to comprehend and 
manage loss of ecosystem quality, however defined, may be 
more difficult. 

The Lake Tahoe Basin’s human history is representative of 
most Sierra Nevada ecosystems. The criticism that the Lake 
Tahoe Basin is unique and therefore unrepresentative of the 
rest of the Sierra is unwarranted. Lake Tahoe is especially 
useful as an example of the many ecosystems undergoing 
change from prior logging activities, fire suppression, forest 
overstocking and declining forest health, degradation of ri- 
parian corridors and wetlands, restoration activities, recre- 
ational impacts, declining air quality, and the many forms and 
impacts of urbanization. Because all Sierra Nevada ecosys- 
tems are candidates for adaptive management, the Lake Tahoe 
Basin provides a model for the selection of ecosystem perfor- 
mance standards, the generation and use of technical scien- 
tific data, institutional collaboration, and land-use regulation 
while protecting private property rights. 

Lake Tahoe exemplifies how actions in one ecosystem have 
important consequences in other ecosystems which, subse- 
quently, provide feedbacks that may modify structure and 
function in the original ecosystem. This interaction is a pro- 
cess applicable to all Sierra Nevada ecosystems. Land-use 
regulation in the Lake Tahoe Basin has shifted land develop- 
ment to Truckee and the Reno-Carson City area. Population 
growth in these nearby areas influences wildlife, and increases 
day use in the Lake Tahoe Basin, subsequent automobile use 
and pollution, and other processes. 

The Lake Tahoe experience provides valuable information 
on ecosystem protection and restoration costs that are appli- 
cable to other Sierra Nevada ecosystems. Restoration is at 
least several times more expensive than protection, and this 
study strongly suggests that pre-development studies may 
substantially reduce restoration costs post-development. The 
more complete the understanding of all ecosystem processes 
is up-front, the better environmental planning can be done, 
minimizing ecological impacts and reducing the cost of their 
mitigation. 
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NOTES 


1Thesholds are defined by the Tahoe Regional Planning Agency. 
According to the TRPA Code of Ordinances (adopted May 27, 1987), 
environmental threshold carrying capacities are environmental stan- 
dards necessary to maintain a significant scenic, recreational, educa- 
tional, scientific or natural value of the region, or to maintain public 
health and safety within the region. Such standards shall include 
but not be limited to standards for air quality, water quality, soil con- 
servation, vegetation preservation and noise. 

2 The California Tahoe Regional Planning Agency was established 
as a land use and regulation planning body, and put in place to regu- 
late private land use within the California portion of the Lake Tahoe 
basin in addition to the actions being taken by TRPA. 

3As such, the vegetation is not homogenous in the three parks, 
although in the fire history analysis by Rice, the parks are treated as 
having similar ecosystem characteristics. There are also major dif- 
ferences in elevation both within and between parks as well as dif- 
ferences in aspect. [Note: To analyze the past disturbance regimes 
more thoroughly, these studies should have stratified the sample ar- 
eas by vegetation type, slope and aspect. The locations of each 
sampled tree should be presented and groups of trees with similar 
ecosystem characteristics (e.g., vegetation type, elevation, slope, as- 
pect) should be used to produce a composite fire interval. It is also 
fundamental to record the size of the area that has been sampled in 
fire history work. The areas should be stratified ecologically and 
care must be taken to choose and record the sampling sites. 

“Composite fire return intervals should also be given for each dis- 
tinct region. This summarizes all of the fire dates in an area that has 
similar ecological characteristics and gives more accurate informa- 
tion on the past disturbance regimes. Composite fire intervals have 
been calculated for each park but the fire scar samples may have 
come from areas in the park with different ecological characteristics. 

>The cultural eutrophication of Lake Tahoe refers to increasing 
the productivity (primarily of plankton and nearshore, benthic plants) 
of the lake, with a subsequent decrease in water clarity, due to in- 
creased nutrient inputs to the lake from human alteration of the ter- 
restrial system and the atmospheric loading of pollutants. 

6 The lack-of-dual-majority rule (also known as the “deemed-ap- 
proved” rule) required a rejection by a majority of both state’s TRPA 
delegations to reject a project. If, after 60 days, no action was taken, 
the project was deemed approved. During the 1970s, TRPA oversaw 
a period of rapid growth, including the construction of four casino- 
hotel towers on the south state line. Much of this growth was “deemed 
approved” under the dual-majority rule. This rule was considered a 
fatal flaw to the 1969 Compact because it allowed the local delegates 
from either state delegation to veto a denial for a project (i.e., ap- 
prove). The 1980 revision of the Compact eliminated this rule and 
increased the membership of each state’s delegation to seven mem- 
bers, including four from outside the Basin. 


262 


ADDENDUM 


REFERENCES 


Anderson, M. K. 1993. The mountains smell like fire. Fremontia 21(4): 
15-20. 

Anderson, M. K. and G. P. Nabhan. 1991. Gardeners in Eden. Wilder- 
ness Magazine 55(194): 27-30. 

Bailey, R. G. 1974. Land-capability classification of the Lake Tahoe 
Basin, California-Nevada: a guide for planning. South Lake Tahoe: 
U.S. Forest Service. 

Barrett, S. A. 1917. The Washo Indians. Bulletin of the Public Museum 
of the City of Milwaukee 2(1):1-52. 

Beesley, D. 1996. Reconstructing the Sierra Nevada landscape: an 
environmental history, 1820-1960. In Sierra Nevada Ecosystem 
Project: Final Report to Congress, vol. II, chap. 1. Davis: University 
of California, Centers for Water and Wildland Resources. 

Blackburn, T. C. and K. Anderson. 1993. Introduction: managing the 
domesticated environment. In Before the Wilderness: environmental 
management by Native Americans, complied and edited by T. C. 
Blackburn and K. Anderson, 15-25. Menlo Park, CA: Ballena Press. 

Byron, E. R. and C. R. Goldman. 1989. Land-use and water quality in 
tributary streams of Lake Tahoe, California-Nevada. Journal of 
Environmental Quality 18(1): 84-88. 

Cahill, T. A., J. J. Carroll, D. Campbell, and T. E. Gill. 1996. Air Qual- 
ity. In Sierra Nevada Ecosystem Project: Final Report to Congress, vol. 
II, chap. 48. Davis: University of California, Centers for Water and 
Wildland Resources. 

California Department of Water Resources. 1991. Truckee River Atlas. 
Sacramento: Resources Agency, State of California. 

California State Water Resources Control Board. 1980. Lake Tahoe 
Basin water quality plan, final plan. Sacramento: California State 
Water Resources Control Board. 

California Tahoe Conservancy. 1991. California Tahoe Conservancy, 
Progress Report 1985-1991. Sacramento: Resources Agency, State of 
California. 

California Tahoe Conservancy. 1994. Summary of activities. Unpub- 
lished staff reports. South Lake Tahoe: The Resources Agency. 
California Tahoe Conservancy. 1995. Summary of activities. Unpub- 
lished staff reports. South Lake Tahoe: The Resources Agency. 
California Tahoe Conservancy. 1996. Summary of activities. Unpub- 
lished staff reports. South Lake Tahoe: The Resources Agency. 
California Tahoe Regional Planning Agency. 1975. Regional plan for 
Lake Tahoe, California. South Lake Tahoe, CA: California Tahoe 

Regional Planning Agency. 

Crippen, J. R. and B. R. Pavelka. 1970. The Lake Tahoe Basin, California- 
Nevada. U.S. Geological Survey Water-Supply Paper. Menlo Park, 
CA: U.S. Geological Survey. 

d’Azevedo, W. L. 1956. Washoe place names. Unpublished manu- 
script. 

d’Azevedo, W. L. 1971. Introduction. In The Washoe Indians of Califor- 
nia and Nevada, edited by W. L. d’Azevedo, 1-7. Salt Lake City: 
Department of Anthropology, University of Utah. 

d’Azevedo, W. L. 1985. Straight with the medicine. Berkeley: Heydey 
Books. 

d’Azevedo, W. L.1986a. Washoe. In The Great Basin: handbook of North 
American Indians vol. 11, edited by W. L. d’Azevedo, 466-99. Wash- 
ington DC: Smithsonian Institution. 

d’ Azevedo, W. L. 1986b. Introduction. In The Great Basin: Handbook 
of North American Indians vol. 11, edited by W. L. d’Azevedo, 1- 
14. Washington DC: Smithsonian Institution. 


d’Azevedo, W. L. 1991. Washoe. In Encyclopedia of world cultures: 
vol. 1, North America, edited by T. J. O’Leary and D. Levinson, 
366-370. Boston: G. K. Hall. 

d’Azevedo, W. L. 1993. The Washoe people in the twentieth century. 
Paper presented at the Third Annual Wa-She-Shu-Edeh-Festival 
of Native American Arts and Culture, Tallac Historic Site, Lake 
Tahoe. 

Dangberg, G. M. 1918-1922. Field notes. In the possession of W. L. 
d’ Azevedo, Reno, Nevada. 

Douglass, W. A. and J. Bilbao. 1975. Amerikanuak: Basques in the New 
World. Reno: University of Nevada Press. 

Downs, J. F. 1961. Washoe religion. Anthropological Records 16:9.Ber- 
keley: University of California Press. 

Downs, J. F. 1966. The two worlds of the Washoe. New York: Holt, 
Rinehart and Winston. 

Downs, J. F. 1971a. Differential response to white contact: Paiute and 
Washo. In The Washoe Indians of California and Nevada edited by W. 
L. d’Azevedo, 115-138. Salt Lake City: University of Utah, Depart- 
ment of Anthropology. 

Downs, J. F. 1971b. Washo response to animal husbandry . In The 
Washoe Indians of California and Nevada edited by W. L. d’Azevedo, 
138-53. Salt Lake City: University of Utah, Department of Anthro- 
pology. 

Eissmann, L. J. 1990. Lake Tahoe Nevada State Park master plan. 
Carson City: Nevada Division of State Parks. 

Elston, R. G. 1982. Western Great Basin prehistory. In Man and envi- 
ronment in the Great Basin, Society for American Archaeology Pa- 
pers No. 2, edited by D. B. Madsen and J. F. O’Connell, 186-206. 
Washington DC: Society for American Archaeology. 

Elston, R. G., J. O. Davis, A. Leventhal, and C. Covington. 1977. The 
archaeology of the Tahoe Reach of the Truckee River. Manuscript 
on file at the Nevada Archeological Survey, University of Nevada, 
Reno. 

Elston, R. G., S. Stornetta, D. Dugas, and P. Mires. 1994. Beyond the 
blue roof: archaeological survey of the Mt. Rose Fan and North- 
ern Steamboat Hills. Manuscript on file at Intermountain Research, 
Silver City, Nevada. 

Engineering Sciences, Inc. 1967. A regional program for the protec- 
tion of water resources in the Lake Tahoe-Truckee River basin. 
Prepared for the Lake Tahoe Area Council. Arcadia, CA: Engineer- 
ing Sciences, Inc. 

Fink, R. J. 1991. Public land acquisition for environmental protec- 
tion: structuring a program for the Lake Tahoe Basin. Ecological 
Law Quarterly 18(3): 485-557. 

Fowler, C. S., ed. 1994. In the shadow of Fox Peak: an ethnography of 
the Cattail-Eater Northern Paiute people of Stillwater Marsh. Cul- 
tural Resource Series No. 5. Fallon, NV: U. S. Fish and Wildlife 
Service, Stillwater National Wildlife Refuge. 

Freed, S. A. 1963. A reconstruction of aboriginal Washo social orga- 
nization. University of Utah Anthropological Papers 67: 8-24. 

Freed, S. A. 1966. Washo habitation sites in the Lake Tahoe Area. 
University of California Archaeological Survey Papers 67: 73-83. 

Freed, S. and R. S. Freed. 1963a. The persistence of aboriginal cer- 
emonies among the Washo Indians. University of Utah Anthropo- 
logical Papers 67: 25-40. 

Freed, S. and R. S. Freed. 1963b. A configuration of aboriginal Washo 
culture. University of Utah Anthropological Papers 67: 41-56. 

Goin, P., ed. 1992. Stopping time: a rephotographic survey of Lake Tahoe. 
Albuquerque: University of New Mexico Press. 


263 


Lake Tahoe Case Study 


Goldman, C. R. 1963. Primary productivity measurements in Lake 
Tahoe. Appendix 1 In Comprehensive study on protection of wa- 
ter resources of Lake Tahoe Basin through controlled waste dis- 
posal, McGauhey, P. H., R. Eliassen, G. Rohlich, H. F. Ludwig, E. 
A. Pearson, and Engineering Sciences, Inc., 154-163. San Francisco: 
Engineering Sciences, Inc. 

Goldman, C. R. 1974. Eutrophication of Lake Tahoe emphasizing 
water quality. EPA-660/3-74-034. Washington DC: U. S. Govern- 
ment Printing Office. 

Goldman, C. R. 1981. Lake Tahoe: Two decades of change in a nitro- 
gen deficient oligotrophic lake. Verh. Internatl. Verein. Limnol. 21: 
45-70. 

Goldman, C. R. 1988. Primary productivity, nutrients, and transpar- 
ency during the early onset of eutrophication in ultra-oligotrophic 
Lake Tahoe, California-Nevada. Limnology and Oceanography 33(6): 
1321-33. 

Goldman, C. R. 1989. Lake Tahoe: preserving a fragile ecosystem. 
Environment 31(7): 6-11, 27-31. 

Goldman, C. R. and E. R. Byron. 1986. Changing water quality at 
Lake Tahoe: the first five years of the Lake Tahoe Interagency 
Monitoring Program. Davis: University of California, Institute of 
Ecology, Tahoe Research Group. 

Hinckle, G. and B. Hinckle. 1949. Sierra Nevada lakes. Indianapolis: 
Bobbs-Merrill. 

Ingram, W. and P. A. Sabatier. 1987. A descriptive history of land use 
and water quality planning in the Lake Tahoe Basin. Institute of 
Ecology Report. Davis: University of California, Institute of Gov- 
ernmental Affairs and the Institute of Ecology. 

Ingrum, B. 1986. Progress at Lake Tahoe. Urban Land 44(11): 13-16. 

Jassby, A. D., J. E. Reuter, R. P. Axler, C. R. Goldman, and S. H. Hackley. 
1994. Atmospheric deposition of nitrogen and phosphorus in the 
annual nutrient load of Lake Tahoe. Water Resources Research 30(7): 
2207-16. 

Lake Tahoe Area Council. 1969. Eutrophication of surface waters, Lake 
Tahoe, laboratory and pilot pond studies: second progress report. 
South Lake Tahoe, CA: Lake Tahoe Area Council. 

Lake Tahoe Area Council. 1971. Eutrophication of surface waters- 
Lake Tahoe. Prepared for U.S. Environmental Protection Agency, 
Grant No. 16010 DSW. South Lake Tahoe: Lake Tahoe Area Coun- 
cil. 

Leiberg, J. B. 1902. Forest conditions in the northern Sierra Nevada, 
California. U. S. Geological Survey Professional Paper No. 8, se- 
ries H, forestry 5. 

Lind, R. A. and J. D. Goodridge. 1978. Lake Tahoe water balance. 
Paper presented at Conference on Sierra Nevada Meteorology, 
American Meteorological Society and U. S. Forest Service, South 
Lake Tahoe, CA, June 19-21, 1978. 

Lindstrom, S. G. 1982. Archaeological test excavations at Oiyer 
Springs and Pi Pi Valley. Manuscript on file at the Tahoe National 
Forest Supervisor’s Office, Nevada City, California. 

Lindstrom, S. G. 1985. Archaeological investigations at Tallac Point 
(CA-ELD-184). Prepared for U. S. Forest Service, contract no. 91U9- 
657. South Lake Tahoe: U. S. Forest Service, Lake Tahoe Basin 
Management Unit. 

Lindstrom, S. G. 1990. Submerged tree stumps as indicators of mid- 
Holocene aridity in the Lake Tahoe Basin. Journal of California and 
Great Basin Anthropology 12(2): 146-57. 

Lindstrém, S. G. 1992. Great Basin fisherfolk: optimal diet breadth 
modeling the Truckee River aboriginal subsistence fishery. Ph.D. 
dissertation, University of California, Davis. 


Lindstrém, S. G. and W. W. Bloomer. 1994. Evaluation of site data 
potential for 26Wa5322 (TY3437 /05-19-280), Tahoe Meadows pre- 
historic site complex, segment 17 of the Tahoe Rim Trail near Mt. 
Rose, Lake Tahoe, Nevada, Washoe County. Report TY-94-1004 on 
file at Toiyabe National Forest Supervisor’s Office, Sparks, Ne- 
vada. 

Lord, E. 1883. Comstock mining and miners. Monographs of the U. 
S. Geological Survey vol. 4. Washington DC: U. S. Government 
Printing Office. 

Lowie, R. H. Ethnographic notes on the Washo. University of Califor- 
nia Publications in American Archaeology and Ethnology 36:301-52. 

Machida, D. T. and J. B Gussman. 1988. The California Tahoe Con- 

servancy: applying the principles. Coastal Management 16: 39-46. 

Mallea-Olaetxe, J. 1992. The private Basque world of Zumarraga, 

Juan, 1st Bishop of Mexico. Revista de Historica de America Jul-Dec 

(114): 41-60. 

Markley, R. and C. Meisenbach. 1995. Historical summary: Tahoe 

National Forest environmental history. Manuscript on file at the 

Tahoe National Forest Supervisor’s Office, Nevada City. 

Marlow, D. 1996. 1996 briefing paper. Unpublished staff report. South 

Lake Tahoe: U. S. Forest Service, Lake Tahoe Basin Management 

Unit. 

McCarthy, H. 1993. A political economy of Western Mono acorn pro- 

duction. Ph.D. dissertation, University of California, Davis. 

McGauhey, P. H., R. Eliassen, G. Rohlich, H. F. Ludwig, E. A. Pearson, 
and Engineering Sciences, Inc. 1963. Comprehensive study on pro- 
tection of water resources of Lake Tahoe Basin through controlled 
waste disposal. Prepared for the Lake Tahoe Area Council. San 
Francisco: Engineering Sciences, Inc. 

McKelvey, K. S. and J. D. Johnston. 1992. Historical perspectives on 
forests of the Sierra Nevada and Transverse Ranges of southern 
California: forest conditions at the turn of the century. In The Cali- 
fornia spotted owl: a technical assessment of its current status, edited 
by J. Verner et al., 225-46. General Technical Report PSW-GTR- 
133. San Francisco: U. S. Forest Service Pacific Southwest Research 
Station. 

McKelvey, K. S., C. N. Skinner, C. Chang, D. C. Erman, S. J Husari, D. 
J. Parson, J. W. van Wagtendon, C. P. Weatherspoon. 1996. An over- 
view of fire in the Sierra Nevada. In Sierra Nevada Ecosystem Project: 
Final Report to Congress, vol. II, chap. 37. Davis: University of Cali- 
fornia, Centers for Water and Wildland Resources. 

Myrup, L. O., T. M. Powell, D. A. Godden, and C. R. Goldman. 1979. 
Climatological estimate of the average monthly energy and water 
budgets of Lake Tahoe, California-Nevada. Water Resources Research 
15(6): 1499-1508. 

Nash, R. 1982. Wilderness and the American mind. New Haven, CT: 
Yale University Press. 

Nevers, J. 1976. Wa She Shu: aWashoe tribal history. Reno: Inter-Tribal 
Council of Nevada. 

Pisani, D. 1977. Lost parkland: lumbering and park proposals in the 
Tahoe-Truckee basin. Journal of Forest History 21: 4-17. 

Price, J. A. 1963a. Washo culture change. Nevada State Museum An- 
thropological Paper No. 9. Carson City: Nevada State Museum. 

Price, J. A. 1963b. Some aspects of the Washo life cycle. University of 
Utah Anthropological Papers 67: 96-114. 

Price, J. A. 1980. The Washoe Indians: history, life cycle, religion, tech- 
nology, economy and modern life. Nevada State Museum Occa- 
sional Papers No. 4. Carson City: Nevada State Museum. 


264 


ADDENDUM 


Raymond, C. E. 1992. A place one never tires of. In Stopping time: a 
rephotographic survey of Lake Tahoe, edited by P. Goin, 11-26. Albu- 
querque: University of New Mexico Press. 

Rice, C. L. 1988. Fire history of Emerald Bay State Park, California 
Department of Parks and Recreation. Unpublished report. Wal- 
nut Creek, CA: Wildland Resources Management. 

Rice, C. L. 1990. Fire history of state parks of the Sierra District of the 
California Department of Parks and Recreation. Unpublished re- 
port. Walnut Creek, CA: Wildland Resources Management. 

Rucks, M. 1995. The social context and cultural meaning of ground 
stone milling among Washoe women. MS Thesis, Department of 
Anthropology, University of Nevada, Reno. 

Sabatier, P. A. and N. W. Pelkey. 1990. Land development at Lake 
Tahoe, 1960-84: the effects of environmental controls and economic 
conditions on housing construction. Davis: FAU/FIU Joint Cen- 
ter for Environmental and Urban Problems and Institute of Ecol- 
ogy, University of California, Davis. 

Scott, E. B. 1957. The Saga of Lake Tahoe. Crystal Bay, NV: Sierra Tahoe 
Publishing. 

Sears, J. T. 1989. Sacred places: American tourist attractions in the 
nineteenth century. New York: Oxford University Press. 

Sierra Nevada Ecosystem Project. 1996. Sierra Nevada Ecosystem 
Project: Final report to Congress, vol. I, Assessments Summaries and 
Management Strategies. Davis: University of California, Centers for 
Water and Wildland Resources. 

Siskin, E. E. 1983. Washo shamans and peyotists: religious conflict in an 
American Indian tribe. Salt Lake City: University of Utah Press. 
Smith, R. M. 1971. Housing study of the Lake Tahoe basin. South 

Lake Tahoe: Tahoe Regional Planning Agency. 

Steen, H. K., ed. 1992. The origins of the national forests: a centennial 
symposium. Durham NC: Forest History Society. 

Stewart, W. C. 1996. Economic Assessment of the Ecosystem. In Si- 
erra Nevada Ecosystem Project: Final Report to Congress, vol. III, chap. 
23. Davis: University of California, Centers for Water and Wild- 
land Resources. 

Stine, S. 1996. Climate, 1650-1850. In Sierra Nevada Ecosystem Project: 
Final Report to Congress, vol. II, chap. 2. Davis: University of Cali- 
fornia, Centers for Water and Wildland Resources. 

Strong, D. H. 1984. Tahoe, an environmental history. Lincoln: Univer- 
sity of Nebraska Press. 

Sudworth, G. B. 1900. Stanislaus and Lake Tahoe Forest Reserves, 
California, and adjacent territory. In Annual reports of the Depart- 
ment of Interior, 21st annual report of the U. S. Geological Survey. 

Tahoe Area Land Acquisitions Commission. 1983. A preliminary 
analysis fo possible objectives, issues, and approaches involved 
in implementation of the Lake Tahoe Acquisition Bond Act of 1982: 
a background document. Sacramento: The Resources Agency. 

Tahoe Regional Planning Agency. N.d. Report on Lake Tahoe region 
fire protection. South Lake Tahoe: Tahoe Regional Planning 
Agency. 

Tahoe Regional Planning Agency. N.d. Report on Lake Tahoe region 
solid waste collection and disposal. South Lake Tahoe: Tahoe Re- 
gional Planning Agency. 

Tahoe Regional Planning Agency. 1971. Lake Tahoe region storm 
drainage. Prepared for Tahoe Regional Planning Agency Storm 
Drainage Committee. South Lake Tahoe: Tahoe Regional Planning 
Agency. 


Tahoe Regional Planning Agency. 1982. Study report for the estab- 
lishment of environmental threshold carrying capacities. Zephyr 
Cove, NV: Tahoe Regional Planning Agency. 

Tahoe Regional Planning Agency. 1988. Water quality management 
plan for the Lake Tahoe region, vols. I-IV. Zephyr Cove, NV: Tahoe 
Regional Planning Agency. 

Tahoe Regional Planning Agency. 1991. 1991 evaluation: environmen- 
tal threshold carrying capacities and the regional plan package. 
Zephyr Cove, NV: Tahoe Regional Planning Agency. 

Tahoe Regional Planning Agency Committee on Water Distribution. 
N.d. Report on water distribution in the Lake Tahoe region. South 
Lake Tahoe: Tahoe Regional Planning Agency. 

Tahoe Regional Planning Agency and U. S. Forest Service. 1971a. 
Wildlife of the Lake Tahoe region: a guide for planning. South 
Lake Tahoe: Tahoe Regional Planning Agency. 

Tahoe Regional Planning Agency and U.S. Forest Service. 1971b. Fish- 
eries of Lake Tahoe and its tributary waters: a guide for planning. 
South Lake Tahoe: Tahoe Regional Planning Agency. 

Tahoe Regional Planning Agency and U. S. Forest Service. 1971c. 
Recreation resources of the Lake Tahoe region: a guide to plan- 
ning. South Lake Tahoe: Tahoe Regional Planning Agency. 

Townley, J. M. 1980. The Truckee Basin fishery, 1844-1944. Nevada His- 
torical Society Publication No. 43008. Reno: Nevada Historical 
Society. 

Twain, M. 1861. Roughing it. New York: Rinehart and Winston. 

U.S. Bureau of the Census. 1991. 1990 census of population and hous- 
ing. Public law 94-171 data. California, New York, Washington 
DC: U. S. Department of Commerce, Bureau of the Census, Data 
User Services Division. 

U. S. Environmental Protection Agency. 1975. The Lake Tahoe Study. 
Washington DC: U. S. Environmental Protection Agency. 

U.S. Indian Claims Commission. 1959-1970. The Washoe Tribe v. the 
United States Government. Docket no. 288 [7 Ind. Cl. Comm. 206, 
March 2, 1959]. 

Washoe Tribal Council. 1994. Comprehensive land use plan. Manu- 
script on file at Tribal Headquarters, Gardnerville, Nevada. 

Western Federal Regional Council Interagency Task Force. 1979. Lake 
Tahoe environmental assessment. Western Federal Regional Coun- 
cil Interagency Task Force. 

White, C. A., A. L. Franks and California State Water Resources Con- 
trol Board. 1978. Demonstration of erosion and sediment control 
technology: Lake Tahoe region of California. U.S. Environmental 
Protection Agency Environmental Protection Technology Series 
EPA-600/2-78-208. Springfield, VA: U. S. Environmental Protec- 
tion Agency, Office of Research and Development, Municipal En- 
vironmental Research Laboratory. 


APPENDIX 7.1 


BY SUSAN G. LINDSTROM 
Truckee, CA 


Lake Tahoe Case Study: 
Lake Levels 


The surface elevation of Lake Tahoe has stood considerably 
lower than the present for long periods of time (Lindstrém 
1990). The magnitude of drops in the level of Lake Tahoe is 
supported by existing paleoenvironmental evidence, by a se- 
ries of radiocarbon dates on tree stumps drowned by the ris- 
ing waters of Lake Tahoe, by submerged archaeological 
features in the lake, and by historical documentation of lower 
lake levels. These data have implications for local and re- 
gional paleoclimatic and archaeological trends. 

Tahoe’s lake level is naturally controlled by a narrow sill at 
the northwest corner at Tahoe City, where water spills over 
into the Truckee River. The elevation of this natural sill is 
6,223 feet. However, since the early 1870s, Lake Tahoe’s fluc- 
tuations have been artificially regulated within a six-foot range 
by the construction of a series of small dams at its outlet. 
Official measurements, maintained since 1900, show fluctua- 
tions about two feet below and eight feet above Tahoe’s natu- 
ral sill elevation (figure 7.A1). The legal elevation of Tahoe’s 
lake surface is established at 6,229.10 feet. Its average post- 
dam surface elevation is 6,225 feet. The lake’s highest known 
surface elevation, set in July 1907, reached 6,231.26 feet 
(Crippen and Pavelka 1972:7). Since 1900, official measure- 
ments record numerous drops below the level of the natural 
sill. The lowest recorded level of the lake surface, at 6,221.68 
feet, was reached in November 1991 (Tahoe World 11/15/91). 
Drought during the last several years has either stopped 
Tahoe’s flow into the Truckee River altogether or reduced it 
to a mere trickle. 

Compelling evidence of Tahoe’s substantially lower lake 
levels comes from tree stumps submerged far below Tahoe’s 
natural sill (Harding 1965; Lindstrém 1985, 1990). To date, a 
total of twenty-one stumps have been inventoried along the 
south shore zone between Emerald Bay and Stateline at el- 
evations down to 16 feet below its natural rim. Stumps have 
also been reported along Tahoe’s north and west shores, but, 
as yet, they are undated. Recent seismic surveys of Lake 
Tahoe’s bottom have detected more rooted stumps in 30 to 40 
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feet of water along Lake Tahoe’s east shore (Kumamoto et al 
1994; Rose, personal communication 1994); exact location and 
absolute dating await further research. Tree-ring counts on 
some submerged stumps indicate ages up to 150 years, sug- 
gesting a low-stand of at least this long, in order for these 
trees to become established and grow to this age. Most of 
these stumps are well preserved. Some of the deeper ones are 
up to 10 feet tall and 3.5 feet across. The stumps located far- 
thest below Lake Tahoe’s rim probably have not been exposed 
long to air since they were first submerged; otherwise, they 
would since have decayed. Stumps range in age between 
4,250 and 5,510 radiocarbon years ago or 4,846 and 6,304 cali- 
brated radiocarbon years ago (table 7.A1). Fifteen radiocar- 
bon dates, representing eleven separate stumps, suggest a 
correlation between the elevation and age of these stumps. 
The oldest stumps are generally from the deepest water. How- 
ever, data are few and their analysis runs the risk of misinter- 
pretation due to limited sample size. Pending further research, 
existing evidence could support either an overall rise in the 
level of Lake Tahoe after 5,510 years ago, during which time 
the surface elevation did not reach the present natural sill el- 
evation until after about 4,200 years ago, or fluctuating lake 
levels between 6,300 and 4,200 years ago (figure 7.A2). 

Subsequent rises in the level of Lake Tahoe are documented 
by palynological evidence indicating the formation of a marsh 
along the lower reaches of Taylor Creek due to a rise in ground 
water levels between about 5,000-4,000 years and before 2,900 
years ago (West 1985). A diatomite deposit, indicative of an 
open water environment, is documented at Taylor Marsh 
around 2,800 years ago and suggests another rise in the level 
of Lake Tahoe (West 1985). A further wet interval is suggested 
within the last 1,100 years by the presence of a buried A-hori- 
zon in association with a sand lens near Taylor Creek, mark- 
ing a rise in the level of Lake Tahoe and the deposition of lake 
deposits (Blackard 1985). 

In addition to tree stumps in Lake Tahoe, submerged 
stumps have been dated in other lakes within the upper 
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Elevation 
in feet 
Recorded high..............000ee eee eee 6,232 
6,231 
6,230 
Kegal limit: 3.02 2¢¢4seeawes goede 
6,229 
Usual modern ; 
summer surface 6,228 
elevation range 
6,227 
6,226 
Average surface elevation................. 6,225 
6,224 
Natural sill elevation ..................... 6,223 
6,222 
6,22) 


FIGURE 7.A1 


Historic elevations of Lake Tahoe. (after Lindstr6m 
1990:147, fig. 2) 


Truckee River drainage. These document fluctuating lake lev- 
els within the last 1,000 years or so, a period that appears to 
be punctuated by alternating intervals of cool-moist and 
warm-dry periods. A period of substantial drought between 
1,100-900 years ago and again around 700-500 years ago is 
represented by a cluster of ten submerged stumps in Inde- 
pendence Lake dating around 600 years ago (Beta-32857, 
690+/-50 radiocarbon years, 669 calibrated radiocarbon years, 


TABLE 7.A1 


Lindstrém 1990). In addition, several submerged tree stumps, 
located up to 30 feet below the present day sill of Donner 
Lake, offer complimentary evidence of a pronounced drought 
about 500 years ago (Beta-70013, 490 +/- 50 radiocarbon years 
or 517 calibrated radiocarbon years; Beta-70014, 460 +/- 60 
radiocarbon years or 510 calibrated radiocarbon years). Other 
submerged stumps south of the Tahoe Sierra in Tenaya Lake 
(Yosemite National Park) have been radiocarbon dated at 915 
years ago and 670 years ago (Stine 1992). Stumps rooted 
within the bed of the West Walker River with radiocarbon 
dates of 920 years and 660 years lend further support for these 
two major medieval period droughts (Stine 1992, 1994). 

During historic times, receding waters have exposed nu- 
merous archaeological features along and below the eleva- 
tion of Lake Tahoe’s natural rim. Bedrock milling features 
and portable milling slabs occur lake-wide. Their discovery 
bears upon archaeological studies within the Lake Tahoe Ba- 
sin in that evidence of lakeshore prehistoric occupation dur- 
ing low water periods may remain beneath Lake Tahoe’s 
historic artificially high water level. Consequently, archaeo- 
logical site inventories which focus above contemporary lake 
levels may underepresent the use of Tahoe’s lakeshore by pre- 
historic populations. 

The archaeological record in the Lake Tahoe Basin is aug- 
mented by a rich Native American oral tradition that provides 
a glimpse of the changing physical world in which prehis- 
toric peoples lived. The Washoe have enjoyed a long tenure 
in their known area of historic occupation and their legends 
are of equal antiquity. Through the antics of the “Weasel 
Brothers,” for example, an unconventional commentary and 
explanation for observed fluctuations in the level of Lake 
Tahoe and its tributaries is provided (Dangberg 1927; Lowie 
1939). 

The widespread presence of submerged tree stumps is sug- 
gestive of larger-scale climatic trends in the Lake Tahoe Ba- 


Radiocarbon ages of submerged tree stumps at Lake Tahoe. 


Elevation Laboratory Radiocarbon Calibrated 
in feet? Number Location Years B.P. Years B.P. 
6,210.87 Beta-33878 Baldwin Beach 5,510 + 90 6,304 
6,218.64 Beta-32851 Emerald Bay 4,980 + 80 5,730 
6,220.70 Beta-13654 Tallac 4,870 + 60 5,640 
6,222.75 LJ-503 Tallac 4,790 + 200° 5,527 
6,218.64 Beta-32852 Emerald Bay 4,720 + 70 5,380 
6,219.00 Beta-33879 Baldwin Beach 4,650 + 70 5,324 
6,222.50 Beta-32847 Al Tahoe 4610 + 90 5,313 
6,223.25 Beta-32848 Al Tahoe 4610 + 90 5,313 
6,223.25 Beta-32846 Al Tahoe 4,580 + 60 5,300 
6,220.70 Beta-13655 Tallac 4520 + 60 5,197 
6,222.50 Beta-32849 Al Tahoe 4,500 + 60 5,126 
6,222.70 LJ-604 Tallac 4,460 + 250° 5,149 
6,222.50 Beta-32850 Al Tahoe 4,370 + 80 4,931 
6,222.75 LJ-605 Tallac 4,250 + 200° 4,846 


4 6,223.00 feet is elevation of natural sill of Lake Tahoe. 


b University of Washington, Quaternary Isotope Lab Radiocarbon Calibration Program, 1987, Rev. 1.3. 


© Harding 1965. 
(after Lindstroém 1990: 151, table 1.) 
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6,225 - 
6,224 - 
6,223 - 
6,222 -| * 
6,221 - 
6,220 - 
6.218 - 
6,218 - 
6,217 - 
6,216 -| - 
6,215- 
6.216 - 
6,213 - 
6,212 - 
6,211 - 
6,210 - 


natural sill elevation 


Elevation in feet 


6,225 - 
6,224 - 
6,223 - 
6,222 - 
6,221 - 
6,220 - 
6,219 - 
6,218 - 
6,217 - 
6,216 - 
6.215 - 
6.214 - 
6.213 - 
6,212 - 
6,214 - 
6.210 - 


natural silt elevation 


Elevation in feet 


@ = Radiocarbon years B.P. O = Calibrated years B.P. 


FIGURE 7.A2 


Relationship between radiocarbon years and calibrated 
years versus elevation of stumps. Upper: dates from 10 
stumps are plotted (averaging multiple dates taken from the 
same stump); lower: all 14 dates are plotted individually. 
(after Lindstro6m 1990:152, fig. 6) 


sin. However, the tectonic histories of these lake basins must 
also be considered (Benson and Thompson 1987; Harding 
1965), along with the sedimentological composition of their 
respective sills (Born 1972; Hardman and Venstrom 1941; 
Lindstrém 1990) and lake bottoms (Goldman and Byron 1986), 
their surface and submarine geomorphology (Birkeland 1965; 
Davis et al. 1974; Harding 1965), the palynological (Adam 
1967; West 1985) and pedological (Blackard 1985) character- 
istics of adjoining wetlands, and stream run-off studies 
(Hardman and Reil 1936). If lake level changes prove to be 
climatically induced, the discovery of a growing body of evi- 
dence elsewhere in the Truckee River drainage is anticipated. 
Localized data from the Lake Tahoe Basin will modify and 
add significant detail to the larger regional model of climatic 
change within the last 10,000 years. 


REFERENCES 


Adam, D. P. 1967. Late Pleistocene and Recent Palynology in the 
Central Sierra Nevada, California. In: Quaternary Paleoecology, E. J. 
Cushing and H. E. Wright, Jr., eds., pp. 275-302. New Haven: Yale 
University Press. 

Benson, Larry and R.S. Thompson. 1987. Lake-level variation in the 
Lahontan Basin for the past 50,000 years. Quaternary Research 28: 
69-85. 

Birkeland, Peter W. 1965. Reno to Mount Rose, Tahoe City, Truckee 
and Return, In: INQUA 7th Congress Guidebook for Field Con- 
ference 1. Northern Great Basin and California, pp. 48-59. 

Blackard, John. 1985. Investigation of Soil Profiles. In: Archaeologi- 
cal Investigations at Tallac Point (CA-ELD-184) by Susan 
Lindstrém. Prepared under U.S. Forest Service Contract No. 91U9- 
657, U.S. Forest Service, Lake Tahoe Basin Management Unit, South 
Lake Tahoe. 

Born, S. M. 1972. Late Quaternary History. Deltaic Sedimentation 
and Mudlump Formation at Pyramid Lake, Nevada. Center for 
Water Resources Research. Desert Research Institute. University 
of Nevada, Reno. 

Crippen, R., Jr. and B. R. Pavelka. 1970. The Lake Tahoe Basin, Cali- 
fornia-Nevada. U.S. Geological Survey Water Supply Paper 1972. 

Dangberg, Grace. 1927. Washo Texts. University of California Publica- 
tions in American Archaeology and Ethnology 22(3):391-443. 

Davis, Jonathan O., Robert G. Elston and Gail Townsend. 1974. Pre- 
liminary Archeological Reconnaissance of Fallen Leaf Lake. Pre- 
pared under U.S. Forest Service Contract No. 39-4640, San 
Francisco, Nevada Archeological Survey, University of Nevada, 
Reno. 

Goldman, Charles R. and Earl Byron. 1986. Changing Water Quality 
at Lake Tahoe. Prepared for the California State Water Resources 
Control Board by the Tahoe Research Group, Institute of Ecology. 
Davis: University of California. 

Harding, Samuel T. 1965. Recent Variations in the Water Supply of 
the Western Great Basin. Archives Series Report No. 16. Water 
Resources Center. Berkeley: University of California. 

Hardman, George and O. E. Reil. 1936. The Relationship between 
Tree Growth and Stream Run-off in the Truckee River Basin, Cali- 
fornia-Nevada. Bulletin 141, Nevada Agricultural Experiment Sta- 
tion. Reno. 

Hardman, George and Cruz Venstrom. 1941. A 100-Year Record of 
Truckee River Runoff Estimated from Changes in Levels and Vol- 
umes of Pyramid and Winnemucca Lakes. U.S.A. Transactions of 
1941 of the American Geophysical Union, Reports and Papers. pp. 
71-90. Sacramento. 

Kumamoto, T.,5.G. Wesnousky, M. Okamura, H. Tsutsumi, N. Chida, 
K. Shimazaki, T. Nakata, and M.R. Rose. 1994. High resolution 
seismic reflection survey in Lake Tahoe: observations bearing on 
faulting and climate change. Manuscript on file, Desert Research 
Institute. Reno: University of Nevada. 

Lindstrém, Susan G. 1985. Archaeological Investigations at Tallac 
Point (CA-ELD-184). Prepared under U.S. Forest Service Contract 
No. 91U9-657, U.S. Forest Service, Lake Tahoe Basin Management 
Unit. South Lake Tahoe. 

Lindstrém, Susan G. 1990 Submerged Tree Stumps as Indicators of 
Mid-Holocene Aridity in the Lake Tahoe Region. Journal of Cali- 
fornia and Great Basin Anthropology 12(2):146-157. 


ADDENDUM 


Lindstrém, S.G. and W. Bloomer. 1994. Evaluation of Site Data Po- 
tential for 26Wa5322 (TY3437/05-10-280) Tahoe Meadows Prehis- 
toric Site Complex Segment 17 of the Tahoe Rim Trail near Mt. 
Rose, Lake Tahoe, Nevada, Washoe County. Submitted to USDA 
Forest Service. Manuscript on file Toiyabe National Forest. Sparks. 

Lowie. R.H. 1939. Ethnographic notes on the Washoe. University of 
California Publications in American Archaeology and Ethnology 36(5): 
301-352. 

Rose, M. R. 1994. Personal communication. Desert Research Insti- 
tute, University of Nevada, Reno. 

Steen, H.K., ed. 1992. The Origins of the National Forests. Durham 
N.C.: Forest History Society. 

Stine, Scott. 1992. American Quaternary Association (AMQUA) 1992 
Post-Conference Field Trip to the Eastern Sierra and the White 
Mountains, August 26-28, 1992. 


Stine, Scott. 1994. Extreme and persistent drought in California and 
Patagonia during medieval time. Nature 369:546-549. 

Tahoe World, 11/15/91. Tahoe City. 

West, James G. 1985. Exploratory Palynology of Taylor Marsh. In: 
Archaeological Investigations at Tallac Point (CA-ELD-184), South 
Lake Tahoe, California by Susan Lindstrém. Prepared under U.S. 
Forest Service Contract No. 91U9-657, U.S. Forest Service, Lake 
Tahoe Basin Management Unit. South Lake Tahoe. 


APPENDIX 7.2 


BY OWEN K. DAVIS 
Department of Geosciences, 
University of Arizona 


Pollen Analysis of a 
Mid-Lake Core from Lake 
Tahoe, California: Historic 
Vegetation Change 


SUMMARY 


Routine pollen analysis was performed for forty samples 
spanning 300 mm of a mid-lake core taken Aug. 1981, from 
Lake Tahoe (39° N, 120° W, elev. 1899 m), Placer County, Cali- 
fornia. At the surface, the pollen assemblage is dominated 
by pine (80%), fir (6%), oak (3%), and sagebrush (3%). Wet- 
land and aquatic environments are represented by sedge (4%) 
and Pediastrum (2%). Time control is provided by 2 radio- 
carbon dates: 1.12+0.1 fraction modern at 45-50 mm (AA- 
17171P) and 14454 yr B.P. (Before A.D. 1950) at 85-90 mm 
(AA-17172P). Cool-dry climate during the Little Ice Age (140 
- 300 mm) is indicated by lower pine (76%) and by greater fir 
(10%) and Artemisia (4%). Historic changes are evident above 
100 mm, where the pollen concentration drops from over 
1,000,000 to less than 600,000 grains cm°3, and charcoal drops 
from 730,000 to 410,000 grains cm-3. A second event at 40-50 
mm is accompanied by a lesser increase in pollen and char- 
coal concentration and a sharp, brief drop of pine percent- 
ages. It is followed (above 40 mm) by increased percentages 
of sedge (from 1% to 4%) and Pediastrum (from 0% to 2%). 
The two events probably resulted from human activity in 
the Lake Tahoe watershed: the first due to logging and ero- 
sion following the gold rush, the second due to post-WWII 
logging and municipal development. Following the first im- 
pact, the increased flux of clastic sediment into the lake ac- 
celerated the sedimentation rate and decreased the pollen 
concentration. Fire suppression beginning in 1885 is reflected 
in reduced charcoal concentration. After 1950, housing con- 
struction and pollution increased nutrient flow to the lake 
and stimulated the growth of planktonic algae including 
Pediastrum, and sediment deposition or lake level increase 
expanded the littoral zone, reflected in the expansion of 
sedges. 
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INTRODUCTION 


Setting 


Lake Tahoe is a large (500 km?) deep (502 m max.) lake in the 
eastern Sierra Nevada of California and Nevada (Goldman 
1988). It has a comparatively small (800 km2) watershed drain- 
ing crystalline rocks. The oligotrophic lake is gradually be- 
coming polluted through addition of iron and nitrogen 
(Goldman 1988). Sewage is diverted from the watershed, so 
the primary sources of pollutants are fertilizer, leaky sewer 
pipes, and atmospheric deposition following forest fires 
(Goldman et al. 1990). The lake phytoplankton composition 
is dominated by diatoms. The species composition has 
changed during the historic period, with mesotrophic 
Fragilaria crotonensis increasing in response to pollution 
(Goldman 1988), and overall species diversity increasing as 
well (Hunter et al., 1990). 

The Lake Tahoe watershed is forested—primarily by pines: 
ponderosa (Pinus ponderosa), Jeffrey (P. jeffreyi), and sugar (P. 
lambertiana) pine. Juniper (Juniperus occidentalis) and oak 
(Quercus kelloggii) are abundant in openings and toward lower 
elevation. Lodgepole pine (P. murrayana), fir (Abies concolor, 
A. magnifica) and mountain hemlock (Tsuga mertensiana) are 
common in moist habitats and at upper elevation. On ex- 
posed, rocky slopes sagebrush (Artemisia spp.) dominates 
(Adam 1967). 


History of the Watershed 


The Lake Tahoe Basin was one of the first areas of the Sierra 
Nevada to experience the impact of historic settlement; with 
exploration beginning in 1827 (Brooks 1977), accelerated im- 
pact during the gold rush of 1847, and with extensive logging 
from 1856-80 (Sudworth 1900). The logging focused prima- 
rily on the ponderosa and sugar pine, which were used for 
the trans-Sierra railroad, and for constructing the mines and 
mining camps to the east. Muir (Wolfe 1938) visited the area 
in 1888 and mentioned extensive “fallen burnt logs or tops of 
trees felled for lumber.” 
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The logging practices resulted in extensive erosion of the 
uplands and sedimentation in streams (Pisani 1977). Intro- 
duced grazing animals were likewise credited with acceler- 
ating soil erosion (Wagoner 1886). Impact in the Lake Tahoe 
Basin area was so extensive that Muir advocated giving the 
water of Lake Tahoe to San Francisco to spare more pristine 
areas of the Sierra Nevada (Jones 1965). 

Settlement and municipal construction in the Lake Tahoe 
watershed accelerated due to tourism permitted by the 
completion of the Central Pacific Railroad in 1869. The cities 
of Tahoe City and Glenbrook were founded soon after the 
railroad had crossed the Sierra Nevada. Growth was slow, 
however, until paved all-weather highways were completed 
in 1947. Legalized gambling in Nevada accelerated develop- 
ment on the eastern margin of the lake after 1931, as did the 
development of winter sports after ca. 1945 (Strong 1984). 

Human impact of the Lake Tahoe Basin intensified after 
World War II, when the U.S. Forest Service (USFS) dramati- 
cally increased the extent of logging in the northern Sierra 
Nevada, and the formation of a Resort Owners Association 
resulted in extensive municipal development on the Lake 
Tahoe shore (Strong 1984). 

Fire suppression in the Sierra Nevada began with the cre- 
ation of the California State Board of Forestry in 1885 (Wag- 
oner 1886) and was expanded in 1907 with the creation of the 
USFS. Show and Kotok published a document in 1924 con- 
cluding that all fires damaged timber sales and were to be sup- 
pressed. This was followed by the Clark McNary Act, offering 
funding to state agencies for fire suppression (Pyne 1982). 


Previous Palynological Investigations 


Analysis of the contemporary pollen rain began with Adam’s 
(1967) study. The close correlation of pine percentages with 
elevation is a unique feature of the Sierra Nevada (Adam 1967; 
Anderson and Davis 1988). Fir and mountain hemlock pol- 
len are most abundant at upper—mid elevations on both sides 
of the Sierra Nevada; and oak (Quercus) pollen dominates the 
foothills of the western Sierra Nevada while, Artemisia pollen 
dominates the eastern Sierra Nevada foothills (Adam 1967; 
Anderson and Davis 1988). 

Pollen analysis of prehistoric vegetation change of the Si- 
erra Nevada began with Adam’s (1967) analysis of Osgood 
Swamp, just south of Lake Tahoe. During the late Glacial 
and early Holocene, the pollen diagram is characterized by 
high Artemisia percentages (40%); during the Holocene by in- 
creased pine, fir and oak; and by increased fir pollen during 
the last 3 Ka. A similar sequence is recorded at mid-eleva- 
tions in the western Sierra Nevada at Balsam Meadow (Davis 
et al. 1985), Exchequer Meadow (Davis and Moratto 1988), 
and Startkweather Pond (Anderson 1990). 

There have been no previous palynological investigations 
of historic environmental change in the northern Sierra Ne- 
vada. However, tree-ring analysis of the western Sierra Ne- 
vada (Graumlich 1993) records lower temperature during the 


Little Ice Age (ca. A.D. 1450-1850). Precipitation is more vari- 
able than temperature in the tree-ring record, but it is gener- 
ally lower than today during the late eighteenth and 
nineteenth centuries, with drought periods from 1806-61 and 
1910-34 (Graumlich 1993). 


METHODS 


The sediment samples provided by Earl Byron (letter of trans- 
mittal, 11/24/89) were taken at 5 mm intervals in the upper 
50 mm of the core and at 1 cm intervals from 50-300 mm. 
Routine pollen extraction (table 7.A2) included addition of 1 
Lycopodium tracer tablet to permit calculation of pollen con- 
centration. The sediment samples were weighed dry (table 
7.A3), and the drying resulted in extensive crumpling that 
prohibited identification of the pine pollen beyond the ge- 
neric level. The sample labels in table 7.A3 and figure 7.A5 
are the upper depth for each sample interval; e.g., the 0-5 
mm sample is labeled “0 mm.” 

Identifications are based on the University of Arizona Geo- 
sciences Department reference collection. The pollen sum 
(divisor) for all types is > 300 grains of upland pollen counted 
per sample. Charcoal counts were tallied for pollen-size (> 
15 um) fragments. Most charcoal fragments were wood-type, 
with large bordered pits. Herbaceous-type charcoal was rare. 

The pollen sequence was zoned using the CONISS algo- 
rithm (Grimm 1987) using the untransformed percentages of 
the upland pollen types. The clustering algorithm is based 
on minimizing the within-cluster sum of squares for 
stratigrapically-adjacent groups of samples. 


TABLE 7.A2 


Extraction Procedure 


a. Add weighed sample to ca. 5 ml water with detergent, agitate 10 
min. 
Swirl solution and screen (180 micron mesh, stainless steel) 
Transfer to 50 ml test tubes, rinse, add 10 ml 10% HCI 
Add 1 Lycopodium tablets (batch # 710961, 13,911 grains/tablet) 
Transfer screened solution to 50 ml nalgene test tubes 
Add 10 ml conc. HCl, mix, add 30 ml H,0, mix centrifuge, decant, 
water rinse 
g. Add 40 ml HF overnight or 1 hr in boiling water bath 
centrifuge, decant, water rinse,transfer to 15 ml glass tubes 
h. Acetolysis* 
centrifuge, decant, water rinse 
i. Add 10 ml 10% KOH 2 min. boiling water bath 
centrifuge, decant, water rinse with hot water until clear 
j. Stain with safranin “O” 
k. Transfer to labeled 1 dram shell vials 
|. Add a few drops of glycerin 


-~Oal20e 


*Acetolysis 

1. 5 ml glacial acetic acid centrifuge and decant 

2. Stir sample, add 5 ml acetic anhydride (volumetric dispenser) 

3. Add 0.55 ml H»SO, to acetic anhydride solution (volumetric pipet),mix, 
centrifuge, decant into glacial acetic acid 

4. 5 ml glacial acetic acid centrifuge and decant 
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TABLE 7.A3 


Pollen Percentages, Lake Tahoe, Placer County, California. 


DEPTH (mm) 0 5 10 15 20 25 30 35 40 45 
AGE yr (1995) 13 15 18 21 24 26 29 32 35 38 
POLLEN SUM 304 301 306 304 302 306 307 303 303 305 
TRACERS 34 13 17 10 £ 12 12 22 8 27 
Sed wt. (mg) 3101 3126 3106 3138 3098 3136 3132 3112 3126 3118 
Sed vl. (.1ml) 5 6 9 10 10 8 1 11 10 10 
CONC (1000 gr/cc) 62 190 224 423 600 266 356 211 527 157 
CHARCOAL (1000 gr/cc) 15 42 93 179 411 92 115 113 193 208 
Abies 6.6 6.3 6.2 11.2 5.3 5.9 1.3 3.0 8 10.2 
Cercocarpus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Cupressaceae 2.3 0.7 1.6 1.0 1.3 1.0 2.3 3.0 3.0 5.6 
Pinus total 79.6 87.7 80.7 80.3 81.8 81.0 91.2 86.8 76.2 62.0 
Populus 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Pseudotsuga 0.0 0.3 0.0 0.0 0.3 1:3 0.3 0.3 0.0 0.7 
Quercus 3.9 2.3 3.3 3.3 3.3 5.6 0.3 1.0 2.3 5.9 
Tsuga mertensiana 0.0 0.0 0.0 0.0 0.3 0.7 0.3 0.3 0.7 0.0 
Ambrosia 0.0 0.0 0.0 0.0 0.3 1.0 0.3 0.0 1.3 0.0 
Artemisia 3.6 1.0 4.2 2.6 3.9 1.3 2.0 4.3 4.6 8.2 
Ceanothus 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.3 0.0 0.0 
Chenopod.-Amaranthus 1.3 1.0 0.3 0.3 0.0 1.0 0.3 0.3 0.3 0.7 
Ephedra 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Ericaceae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Rosa 0.3 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.3 
Sarcobatus 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 1.3 
Arceuthobium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.3 
Eriogonum 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 
Gramineae 0.3 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.7 1.6 
Labiatae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Leguminosae 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.3 0.7 0.0 
Liguliflorae 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Liliaceae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Linanthus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Other Compositae 0.3 0.0 0.0 0.3 0.3 0.3 0.0 0.7 0.0 0.0 
Pedicularis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Polemoniaceae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Ranunculus 0.0 0.7 0.7 0.0 0.7 0.0 0.0 0.0 0.3 0.3 
Umbelliferae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
DETERIORATED 1.6 0.0 1.3 1.0 23 1.0 1.0 0.3 2.3 2.6 
Botryococcus 1.6 4.0 2.0 4.3 3.3 3.3 1.0 2.0 ley 1.3 
Pediastrum 2.3 1.7 2.6 3.6 1.7 1.6 1.0 1.0 2.0 2.9 
Spirogyra 0.3 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 
Fern Spores 0.3 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Fungal Spores 7.6 7.3 4.6 9.2 4.6 3.3 4.2 6.3 6.3 0.3 
Sporormiella 0.0 0.0 0.3 0.0 0.0 0.0 0.3 0.0 0.0 0.0 
Acer 0.0 0.0 0.0 0 0.0 0.0 0.0 0.0 0.0 0.0 
Alnus 0.7 0.3 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.3 
Betula 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Cyperaceae 4.3 3.7 6.2 5.9 6.3 5.2 2.6 2.0 20 13 
lsoetes 1.0 0.3 2.0 1.0 1.7 0.7 0.0 0.0 0.3 2.0 
Platinus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 
Potamogeton 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Salix 0.7 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.3 0.3 
Typha-Sparganium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 
Charcoal 24.3 21. 41.5 42.4 68.5 34. 32.2 53.5 36.6 132.4 
DEPTH (mm) 50 55 60 65 70 75 80 85 90 95 
AGE yr (1995) 46 55 64 73 82 91 100 109 118 127 
POLLEN SUM 306 304 302 302 306 310 310 304 306 305 
TRACERS 3 9 12 14 11 12 11 27 16 10 
Sed wt. (mg) 3140 3066 3098 3106 3109 3077 3140 3114 3100 3104 
Sed vl. (.1ml) 12 13 11 11 15 10 16 14 12 14 
CONC (1000 gr/cc) 1419 604 382 323 608 359 616 223 327 606 
CHARCOAL (1000 gr/cc) 468 395 205 72 288 131 403 118 229 467 
Abies 7.8 8.2 6.6 5.0 8.8 4.2 6.8 7.9 4.9 5.9 
Cercocarpus 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Cupressaceae 2.6 2.3 2.6 0.7 0.3 1.3 0.0 0.3 0.0 3.6 
Pinus total 82.7 80.3 78.5 86.1 83.3 85.2 87.1 84.5 89.2 79.7 
Populus 0.3 0.3 0.7 3.0 0.0 0.0 0.0 0.0 0.0 0.0 
Pseudotsuga 0.0 1.0 0.7 1.0 1.0 0.3 0.6 1.0 0.3 1.0 
Quercus 1.0 23 1.0 2.3 2.3 1.9 1.9 1.6 2.0 2.0 
Tsuga mertensiana 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.3 0.0 


continued 
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Ambrosia 0.0 0.3 0.0 0.7 0.3 0.0 0.0 0.0 0.0 
Artemisia 4.2 6.0 1.3 1.3 2.9 1.9 2.3 2.6 4.6 
Ceanothus 0.7 0.0 0.3 0.0 0.3 0.0 0.0 0.0 0.0 
Chenopod.-Amaranthus 0.0 ; 1.0 0.0 1.0 0.0 0.0 1.0 0.3 1.0 
Ephedra 0.0 0.0 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0.0 
Ericaceae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 
Rosa 0.0 0.0 0.3 0.7 0.0 0.0 0.0 0.0 0.0 0.0 
Sarcobatus 0.0 0.3 0.0 0.3 0.0 0.3 0.0 0.0 0.0 0.0 
Arceuthobium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 
Eriogonum 0.0 0.0 0.3 0.0 0.0 0.3 0.0 0.0 0.0 0.0 
Gramineae 0.3 0.0 0.0 0.0 0.3 0.0 0.0 0.3 0.0 0.3 
Labiatae 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Leguminosae 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Liguliflorae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Liliaceae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Linanthus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Other Compositae 0.3 0.3 0.0 0.3 0.0 0.6 0.3 0.3 0.0 0.7 
Pedicularis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Polemoniaceae 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Ranunculus 0.0 0.3 0.3 0.0 0.0 1.0 0.3 0.0 0.0 0.3 
Umbelliferae 0.3 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0.0 
DETERIORATED 0.0 0.3 1.7 1:3 1.3 0.3 0.3 0.7 
Botryococcus 1.0 3.6 1.3 2.0 0.6 3.0 2.3 0.3 
Pediastrum 0.3 0.0 0.3 0.0 0.0 0.0 0.0 0.0 
Spirogyra 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Fern Spores 0.7 0.0 0.0 0.0 0.3 : 1.3 0.0 0.0 
Fungal Spores 3.9 2.0 3.6 7.6 2.0 1.6 1.0 23 5.9 4.6 
Sporormiella 1.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.3 0.0 
Acer 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Alnus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Betula 0.3 0.0 0.0 0.3 0.0 0.3 0.0 0.0 0.0 
Cyperaceae 2.6 2.0 2.6 0.0 0.3 0.0 0.0 0.3 3 
lsoetes 0.7 0.7 0.3 1.0 2.0 0.0 0.3 0.0 0.7 
Platinus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Potamogeton 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Salix 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 
Typha-Sparganium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Charcoal 33.0 53.6 22.2 47.4 36.5 5.5 69.9 77.0 
DEPTH (mm) 100 120 130 150 180 190 
AGE yr (1995) 136 171 189 225 279 296 
POLLEN SUM 305 305 305 303 305 302 
TRACERS 1 8 7 7 12 21 
Sed wt. (mg) 3112 3074 3131 3123 3102 3138 
Sed vi. (.1ml) 17 15 15 15 15 15 
CONC (1000 gr/cc) 4243 849 849 843 530 300 
CHARCOAL (1000 gr/cc) 2671 856 1024 727 578 374 
Abies 2.6 6.9 9.5 12.2 10.8 8.9 
Cercocarpus 0.0 0.0 0.0 0.0 0.0 0.0 
Cupressaceae 2.0 2.0 0.0 0.3 2.0 rae 
Pinus total 83.0 79.0 80.7 72.3 75. 1.2 
Populus 0.0 : 0.0 0.3 0.7 0.0 0.7 
Pseudotsuga 0.0 0.3 0.7 0.7 0.3 1.0 0.7 
Quercus 4.3 1.7 2.0 3.6 4.0 1.6 5.0 
Tsuga mertensiana 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Ambrosia 0.0 0.0 0.0 0.3 0.0 : 0.0 0.3 
Artemisia 4.9 3.3 5.6 2.3 5.3 5.6 4.6 5.6 
Ceanothus 0.3 0.0 0.0 0.3 0.0 0.3 0.0 0.0 
Chenopod.-Amaranthus 0.0 0.0 0.0 1.6 2.0 : 0.7 0.7 1.3 
Ephedra 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 
Ericaceae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Rosa 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Sarcobatus 0.0 0.7 0.0 0.3 0.0 0.0 0.3 0.0 0.7 
Arceuthobium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Eriogonum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gramineae 0.3 0.0 1.6 0.0 0.7 0.6 1.0 0.3 0.3 
Labiatae 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.3 
Leguminosae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Liguliflorae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Liliaceae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 
Linanthus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Other Compositae 1.0 0.3 0.7 0.0 13 1.3 1.0 1.3 0.3 
Pedicularis 0.0 0.0 0.0 0.0 0.3 0.3 0.0 0.3 0.0 
Polemoniaceae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Ranunculus 0.3 0.3 0.3 0.0 0.0 0.3 0.7 
Umbelliferae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
DETERIORATED 1.3 1.3 0.3 0.0 1.0 1.3 1.0 
Botryococcus 1.3 3.9 0.7 1.0 1.0 1.0 3.0 
Pediastrum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Spirogyra 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Fern Spores 1.0 1.0 0.7 0.3 0.3 0.3 0.0 
Fungal Spores 3.6 7.2 1.3 4.3 13.9 3.2 5.3 
Sporormiella 0.0 0.0 0.0 0.0 0.0 0.0 0.3 
Acer 0.3 0.3 0.7 0.0 0.7 0.0 0.0 0.0 
Alnus 0.0 0.0 0.0 0.0 0.3 0.0 0.3 0.0 
Betula 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Cyperaceae 1.6 1:3 0.3 0.0 1.0 1.7 1.7 
lsoetes 1.6 1.3 0.0 0.0 0.3 1.0 1.0 
Platinus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Potamogeton 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Salix 0.0 0.0 0.0 0.0 0.0 0.3 0.0 
Typha-Sparganium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Charcoal 63.0 81.2 85.6 120.7 68.5 1.9 0.7 
DEPTH (mm) 220 230 240 250 270 
AGE yr (1995) 350 368 386 404 439 
POLLEN SUM 303 318 309 307 304 
TRACERS 18 7 18 7 8 
Sed wt. (mg) 3079 3115 3110 3105 3111 
Sed vi. (.1ml) 22 20 16 15 20 
CONC (1000 gr/cc) 527 1106 391 854 1057 
CHARCOAL (1000 gr/cc) 1057 696 563 643 1210 454 
Abies 10.2 11.6 12.0 6.5 7.6 
Cercocarpus 0.0 0.0 0.0 0.0 0.0 
Cupressaceae 1.3 1:3 0.6 13 0.7 
Pinus total 78.5 73.6 75.7 1.4 76.3 
Populus 0.3 0.3 0.0 0.0 0.7 
Pseudotsuga 0.0 0.6 1.3 0.0 1.0 
Quercus 2.6 5.0 3.2 3.3 4.3 
Tsuga mertensiana 0.7 0.3 0.0 0.0 0.0 
Ambrosia 0.3 0.0 0.0 0.0 0.0 
Artemisia 5.0 Saf 29 4.9 6.6 
Ceanothus i 0.0 0.0 0.0 0.3 0.0 
Chenopod.-Amaranthus 0.7 0.0 0.6 0.3 1.3 0.3 
Ephedra 0.0 : 0.0 0.0 0.0 0.0 0.0 4 ; 
Ericaceae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Rosa 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Sarcobatus 1.0 0.0 0.0 0.0 0.3 0.0 0.0 0.3 0.0 
Arceuthobium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Eriogonum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gramineae 0.3 0.3 0.3 0.0 1.0 0.0 0.3 0.7 0.6 
Labiatae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Leguminosae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Liguliflorae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Liliaceae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Linanthus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Other Compositae 0:3 0.6 0.0 03 1.0 0.0 2.3 0.3 1.0 
Pedicularis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Polemoniaceae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Ranunculus 0.6 0.7 0.6 0.0 0.0 0.3 0.3 0.0 
Umbelliferae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
DETERIORATED 0.3 0.3 0.3 1.6 1.0 0.3 1.3 0.6 
Botryococcus 0.3 4.0 2.5 2.3 5.5: 1.3 3.6 1.0 
Pediastrum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Spirogyra 0.0 0.0 0. 0.0 0.0 0.0 0.0 0.0 0.0 
Fern Spores 0.6 0.0 1.3 1.3 0.7 0.7 1.0 0.7 0.6 
Fungal Spores 2,9 5.3 3.1 5.5 1.6 4.9 8.6 a9 
Sporormiella 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 
Acer 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 
Alnus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Betula 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Cyperaceae 0.3 0.3 0.3 1.9 1.0 1.0 1.0 0.0 
lsoetes 1.3 1.0 2.2 0.3 0.3 0.0 0.0 0.0 
Platinus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Potamogeton 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Salix 0.3 0.0 0.3 0.0 0.3 0.0 
Typha-Sparganium 0.0 0.0 0.0 0.0 0.0 0.0 
Charcoal 89.4 62.9 144.0 75.2 114.1 119.4 
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FIGURE 7.A3 


Percentage pollen diagram for Lake Tahoe, Placer County, 
California. Only abundant types shown. Types included in 
pollen sum are filled curves, aquatic and wetland types 
(histogram-curves) are not included in pollen sum (divisor 
for calculation of percentages). Shaded curves are 10X 
exagerations, added to show trends of rare types. CONISS 
cluster diagram is based on untransformed pollen 
percentages of upland types. Solid horizontal line at 145 
mm marks the major division produced by CONISS 
analysis. Dotted lines at 100 and 45 mm are positions of 
initial historic disturbance and post WWII disturbance, 
respectively. 


RESULTS AND INTERPRETATION 


Pollen concentration of the Lake Tahoe samples is very high 
(reaching 4,000,000 grains cm’) and preservation is excellent 
except for crumpling. The pollen spectrum is similar to the 
upper samples at Osgood Swamp (Adam 1967), and is typi- 
cal for contemporary pollen samples from upper elevations 
of the Sierra Nevada (Adam 1967; Anderson and Davis 1988). 
The CONISS clustering algorithm divides the diagram into 
lower (undisturbed) and upper (historic human impact) 
halves. The lower zone has higher percentages of fir, oak, 
Artemisia, and Chenopodiaceae-Amaranthus than the upper. 
Significantly, the break comes at between 140 and 150 mm, 
prior to the beginning of historic disturbance at 100 mm. 

The upper pollen zone (> 140 mm) is punctuated by two 
events at 100 and at 50 mm, each associated with peaks in 
pollen concentration (figure 7.A3). These ages of these events 
are determined by AMS 14C dates on the pollen preparations 
at 45-50 mm and 85-90 mm. Sample AA-17171P (45-50 mm) 
is dated 1.1195+0.0106 fraction modern — 12% above the 1950 
“standard” due to atmospheric testing of nuclear weapons 
(Nydal and Lovseth 1970). This !4C enrichment was reached 
in AD 1957 or 1958 (figure 7.A4; Burchuladze et al. 1989; Nydal 
and Lovseth 1970). Sample AA-17172P (85-90 mm) is dated 
14454 yr B.P. (Before A.D. 1950) considering the atmospheric 
“enrichment,” the range of probable ages is 1955-1882. 

Following the first event, the pollen concentration drops 
from an average of over 1,000,000 grains cm} in the lower 
core to less than 600,000 grains cm°3, and charcoal concentra- 
tion drops from 730,000 to 410,000 grains cm’. The pollen 
and charcoal concentration increases between 60-50 mm, then 
steadily declines toward the surface, reaching a low of 62,000 
grains cm-3 at the surface. 

The concentration peak (1,419,000 grains cm’) at 50 mm is 
followed by a brief, sharp drop of pine percentages from 80% 
to 62%. This event is followed by increased percentages of 
sedge (from 1% to 4%) and Pediastrum (from 0% to 2%). 


INTERPRETATIONS 


The two events at ca. 100 and at 40-50 mm appear to result 
from human activity in the Lake Tahoe Basin: the first due to 
logging and erosion following the Comstock era, and the sec- 
ond due to post-WWII logging and municipal development. 
I attribute the increased pollen concentration associated with 
each event to a pulse of erosion of pollen-laden soil-surface 
material into the lake. However, this pulse is not associated 
with elevated percentages of deteriorated pollen or fungal 
spores, as has been observed elsewhere in association with 
historic erosion (Bradbury and Waddington 1973; Davis et 
al. 1977). 
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Comparison of the 14C content (1.1195+0.0106 fraction 
modern) of sample AA-17171P (45-50 mm) with the 
atmospheric 14C enrichment due to the testing of nuclear 
weapons (Burchuladze et al., 1989). Plotted age for 
sample AA-17171P is 1957 A.D. 


The palynological events beginning at 100 cm can be as- 
cribed to environmental impacts between 1850 and 1900. In- 
creased rates of soil erosion, due to the combined effects of 
logging, livestock ranching, and road construction perma- 
nently increased the flux of clastic sediment into the lake. This 
accelerated deposition increased the overall sedimentation 
rate and decreased the pollen concentration (figure 7.A3). The 
increased pollen concentration from 60-50 cm implies a tem- 
porary reduction in the sedimentation rate, possibly due to 
decreased erosion during the early twentieth century. 

Also associated with the 100-cm event is the abrupt reduc- 
tion of charcoal percentages. Fire suppression, beginning in 
the late nineteenth century, produced lower fire frequency 
reflected in reduced charcoal concentration. The approximate 
halving of charcoal percentages does not necessarily indicate 
a halving of the regional fire frequency. The reduction is prob- 
ably greater, because transport of charcoal to the lake should 
have increased during the historic period due to surface ero- 
sion from the watershed. The pollen concentration peak and 
pine percent minimum at 40-50 mm appear to reflect exten- 
sive logging. Erosion of soil-surface material resulted in high 
pollen concentration and logging reduced the pine percent. 

The results of the zonation by CONISS have an important 
implication for the scale of vegetation change resulting from 
historic impact. Because the primary division among zones 
comes at between 140 and 150 mm, rather than at 100 mm 
(coincident with the beginning of historic disturbance), pa- 
lynological changes due to natural (or at least prehistoric) 
causes are as important as man-caused vegetation modifica- 
tions to the overall variation in the pollen diagram (figure 
7.A3). The higher percentages of fir, oak, Artemisia, and 


Chenopodiaceae-Amaranthus in the lower zone are consistent 
with cooler, drier climate during the late eighteenth and nine- 
teenth centuries as demonstrated in the tree ring data 
(Graumlich 1993). 

The pollution of Lake Tahoe after 1950 appears to have in- 
creased the abundance of Pediastrum in the lake, just as it 
stimulated the growth of certain other algae. Although not 
specifically mentioned by Hunter et al. (1990) as increasing 
in abundance, Pediastrum makes its first appearance in the 
fossil record at 50 cm and increases to a maximum of 3.6% at 
15cm. Although Pediastrum seems to reflect the historic im- 
pact on the pelagic lake ecosystem, other aquatic plants do 
not. Neither the planktonic algae Botryococcus nor spores of 
the benthic quillwort Isoetes show consistent trends in the core 
(figure 7.A3). The unchanging Isoetes percentages indicates 
that the reduced transparency of the lake (Goldman 1988) has 
not yet effected the growth of this bottom-dwelling plant. 

The expansion of sedge pollen percentages from 2% at 35 
mm to 6.3% at 20 mm shows historic impact on the littoral 
ecosystem. The sedge expansion could be a response to ei- 
ther fertilization (pollution) of the littoral habitat, or to ex- 
pansion in the extent of that habitat. Because the sedge 
percentages correlate with the Pediastrum percentages above 
50 cm, both may reflect the same forcing (i.e., increasing nu- 
trients). Alternatively, human activities may have increased 
the extent of the littoral zone through the progradation of the 
deltas via. erosion of sediment from the watershed, or through 
artificially increasing the level of the lake. 

Finally, because atmospheric deposition of nutrients fol- 
lowing forest fires is known to provide limiting nutrients to 
the lake (Goldman et al. 1990), the reduced charcoal frequency 
above 100 cm implies reduced nutrient loading to the lake. 
The total nutrient flux surely has been greater in the historic 
period, due to soil erosion, sewage input, and fertilizers; but 
the relative contribution of fire-related atmospheric-depos- 
ited nutrients probably has been less. 


CONCLUSIONS 


1. Elevated percentages of fir (10%) and Artemisia (4%) pol- 
len below 140 mm indicate cool dry climate during the 
Little Ice Age. 


2. Pollen and charcoal concentrations decrease above 100 cm 
due to soil erosion and fire suppression. 


3. Above 45 cm, municipal construction and lake pollution 
produce further declines in pollen concentration, and ef- 
fect the modification of the lake environment as shown by 
increased Pediastrum and sedge percentages. 
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Mediated Settlement Agreement 
for Sequoia National Forest, 
Section B. Giant Sequoia 
Groves: An Evaluation 


INTRODUCTION 


The Sierra Nevada Ecosystem Project (SNEP) was charged 
with examining the Mediated Settlement Agreement for the Se- 
quoia National Forest (MSA), Section B, Sequoia Groves (Se- 
quoia National Forest, 1990;), and making “recommendations” 
for scientifically-based mapping and management of giant 
sequoia groves and those additional lands, if any, needed to 
ensure the long-term health and survival of giant sequoia eco- 
systems. Recommendations are advisory, with science inform- 
ing management of a variety of potential, appropriate 
management strategies. As an ecosystem assessment, the 
SNEP scientists also examined giant sequoia ecosystems 
range-wide in the Sierra Nevada, not only on the Sequoia 
National Forest. Stephenson (1996, SNEP Volume II) presents 
a discussion of giant sequoia ecology and management in an 
affiliated paper for the Sierra Nevada Ecosystem Project. 

Specific tasks of the authors to enable an evaluation of gi- 
ant sequoia groves under the Mediated Settlement Agreement 
(MSA) included: 


. compilation of an ecological database, geographic infor- 


mation system (GIS) with spatial grove boundaries, and 
scientific bibliography for giant sequoia for all giant se- 
quoia groves on the Sequoia National Forest and for the 
entire Sierra Nevada; 


. an assessment of current grove mapping methodologies 


used by the Sequoia National Forest and by other admin- 
istrative units; 


. an evaluation of the MSA, Section B, from both ecological 


and policy perspectives; 


. review of grove management practices and responses to 


these, and coupling of these to the ecological database as 
the basis for future design of adaptive management re- 
gimes for ecosystem management of giant sequoia across 
its range; a range of potential management tools is dis- 
cussed herein; 


. review of the implications of the Sequoia National Forest 


moving towards ecosystem management of the groves and 


Sierra Nevada Ecosystem Project: Final report to Congress, Addendum. Davis: University of California, Centers for Water and Wildland Resources, 1996. 
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the entire Forest, and provision of a written evaluation of 
the Sequoia National Forest’s draft giant sequoia ecosys- 
tem management plan as requested by the Forest; 


6. areview of past and present human use of the groves, hu- 
man values, and various methods of potential public in- 
formation dissemination and education, as a need 
identified by both the authors and the Sequoia National 
Forest. 


The evaluation herein and in Stephenson’s chapter (1996 , 
SNEP report) on giant sequoia ecosystems is functionally and 
conceptually linked to many different parts of the SNEP evalu- 
ation, and informed by many chapters (1996, SNEP reports). 


GIANT SEQUOIA GROVE DATABASE 


The management of giant sequoia by the Sequoia National 
Forest has been informed historically by the state of scientific 
knowledge of the species’ distribution, life history, produc- 
tivity, and role in the coniferous forest ecosystems of the Si- 
erra Nevada. A brief overview of the literature is included in 
appendix 8.1, with the biogeography of giant sequoia 
[Sequoiadendron giganteum (Lindley) Buchholz; Taxodiaceae 
Family] discussed in appendix 8.2. 

One of the Sierra Nevada Ecosystem Project’s major tasks 
was to compile the existing information on the Sierra Nevada 
ecosystem. For the giant sequoia groves of the Sierra Nevada 
(figure 1 and table 1), we constructed a relational database 
on the geography, ecology and management history of each 


grove. We also created a bibliographic database on giant se- 
quoia ecology and management. Due to space constraints, 


these large database files are not included as tables herein. 
They will be included on the SNEP CD-ROM under compila- 
tion by Mike Diggles of the U.S. Geological Survey, Menlo 
Park. They are also files in the SNEP ARC/Info GIS available 
through (1) the Alexandria project at UC Santa Barbara 


(http: / /alexandria.sdc.ucsb.edu)] (2) the UC Davis GIS Cen- 


ter on campus, and (3) the CERES of the California State Re- 


sources Agency |(http://ceres.ca.gov/snep/).} The giant 


sequoia database is also available as a FoxPro database file 
from Deborah Elliott-Fisk (lead author, e-mail dlelliottfisk@ 
ucdavis.edu), with the bibliographic database available from 
Professor Elliott-Fisk in hard copy, as a Word text file, or as 
an EndNote 2 bibliographic database file. 


Grove Database 


As the various public and scientific issues of concern for gi- 
ant sequoia groves are diverse for the giant sequoia ecosys- 
tem, and since these groves are managed by different groups 
with different goals and different data collection systems, we 


made an effort to comprehensively compile the existing grove 
data from individual grove managers. 

To determine data availability, we sent out a questionnaire 
to all grove managers. We also queried all managers about 
the Sequoia National Forest Mediated Settlement Agreement 
(MSA) and their views on management issues at the Sequoia 
National Forest (see MSA discussion below). Additionally, 
we sent questionnaires to twenty-two giant sequoia “experts” 
from around the country to gain information on groves in 
which they had worked. 

A draft questionnaire was compiled and then reviewed by 
the SNEP team. A letter of inquiry and the questionnaire were 
then sent to all managers and owners of giant sequoia groves 
(table 2) in December 1994, including Sequoia and Kings Can- 
yon National Parks, Yosemite National Park, Sequoia National 
Forest, Sierra National Forest, Tahoe National Forest, Bureau 
of Land Management (Bakersfield District), Calaveras State 
Park, Mountain Home Demonstration State Forest, Tulare 
County Parks and Recreation, Tule River Indian Reservation, 
and a few private landholders. 

The survey posed open-ended questions in ways to allow 
the widest of possible responses to facilitate open and uncon- 
strained answers. In cases where unambiguous answers were 
possible, we asked fixed questions (e.g., on physical descrip- 
tors such as latitude or maximum elevation). The question- 
naire asked for information on grove descriptive 
characteristics, including location, elevation, geology, soils, 
slope, aspect, acreage, largest trees, named trees, approximate 
age distribution, associated plant communities, and major 
vegetation zones. It also asked about grove condition, past 
and present disturbance (e.g., logging, grazing, insects, patho- 
gens, fire, trampling, human settlements, and alterations), and 
management regimes, and posed some broader questions on 
public relations and the MSA for the Sequoia National For- 
est. 

Responses were received over the next six months. Data 
and summaries of long responses were entered into a FoxPro 
relational database (available from the authors and on the 
SNEP CD-ROM in progress). Lengthy data sets and answers 
were scanned as memo files and captured in digital format 
for future reference. 

Unfortunately, no written responses were returned by pri- 
vate landholders, although the authors have had verbal dis- 
cussions with some of these individuals. Tulare County, which 
manages Balch Park (within Mountain Home Demonstration 
State Forest), chose not to fill out the questionnaire. From the 
giant sequoia “experts,” we received only one reply to the 
questionnaire, but additional unpublished information was 
provided by many of these individuals. The entire database 
includes grove information, management information, pub- 
lic relations information, and opinions on the MSA. A subset 
of this database, specifically the grove information, has been 
linked with the grove coverage map. 

The database has entries for seventy-three giant sequoia 
groves. What constitutes a “grove” was defined by each man- 
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FIGURE 1 


Locations of giant sequoia groves in the Sierra Nevada. (From volume II, chapter 55.) 
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TABLE 8.1 

Grove Name Acres Administrative Unit Grove Name Acres Administrative Unit 
Abbott Creek 20 Sequoia National Forest continued 

Agnew 112 Sequoia National Forest Lost 54 Sequoia National Park 
Alder Creek 420 Sequoia National Forest Maggie Mountain 68 Sequoia National Forest 
Atwell 1,335 Sequoia National Park Mariposa 333 Yosemite National Park 
Bearskin 186 Sequoia National Forest Mcintyre 180 Sequoia National Forest 
Belknap complex 3,077 Sequoia National Forest McKinley 100 Sierra National Forest 
Big Stump 2oF Kings Canyon National Park Merced 40 Yosemite National Park 
Big Stump 485 Sequoia National Forest Middle Tule 293 Sequoia National Forest 
Black Mountain 2671 Sequoia National Forest Mountain Home 2,644 Mountain Home State 
Black Mountain 500 Tule River Indian Reservation Demonstration Forest 
Boulder Creek 80 Sequoia National Forest Mountain Home 1,255 Sequoia National Forest 
Burro Creek 299 Sequoia National Forest Mountain Home 200 Tulare County Balch Park 
Burton 40 Sequoia National Forest Muir 272 Sequoia National Park 
Cahoon Creek 14 Sequoia National Park Nelder 400 Sierra National Forest 
Case Mountain 55 Bureau of Land Management New Oriole Lake 21 Sequoia National Park 
Castle Creek 197 Sequoia National Park North Calaveras 60 Calaveras Big Trees State Park 
Cherry Gap 190 Sequoia National Forest Oriole Lake 147 Sequoia National Park 
Clough Cave 0.50 Sequoia National Park Packsaddle 527 Sequoia National Forest 
Coffeepot Canyon 5 Sequoia National Park Peyrone 902 Sequoia National Forest 
Converse Basin 4,520 Sequoia National Forest Pineridge 94 Sequoia National Park 
Cunningham 32 Sequoia National Forest Placer County 5 Tahoe National Forest 
Deer Creek 144 Sequoia National Forest Powderhorn 5 Sequoia National Forest 
Deer Meadow 276 Sequoia National Forest Putnam-Francis 0.10 Sequoia National Park 
Dennison a Sequoia National Park Red Hill 765 Sequoia National Forest 
Devils Canyon 6 Sequoia National Park Redwood Creek 105 Sequoia National Park 
Dillonwood 572 Sequoia National Forest Redwood Meadow 223 Sequoia National Park 
East Fork 751 Sequoia National Park Redwood Mountain 3,154 Kings Canyon National Park 
Eden Creek 361 Sequoia National Park Redwood Mountain 1,040 Sequoia National Forest 
Evans 4,370 Sequoia National Forest Redwood Mountain 280 UC Whitaker Forest 
Forgotten Grove 1 Sequoia National Park Sequoia Creek 21 Kings Canyon National Park 
Freeman Creek 4,186 Sequoia National Forest Silver Creek 32 Mountain Home State 
Garfield 1,130 Sequoia National Park Demonstration Forest 
Giant Forest 1,800 Sequoia National Park Silver Creek 101 Sequoia National Forest 
Grant 154 Kings Canyon National Park Skagway 94 Sequoia National Park 
Grant 130 Sequoia National Forest South Calaveras 445 Calaveras Big Trees State Park 
Homers Nose 245 Sequoia National Park South Fork 210 Sequoia National Park 
Horse Creek 42 Sequoia National Park Squirrel Creek 2 Sequoia National Park 
Indian Basin 449 Sequoia National Forest Starvation 181 Sequoia National Forest 
Kennedy 200 Sequoia National Forest Surprise 4 Sequoia National Park 
Landslide 50 Sequoia National Forest Suwanee 100 Sequoia National Park 
Little Boulder 80 Sequoia National Forest Tuolumne 35 Yosemite National Park 
Lockwood 130 Sequoia National Forest Wheel Meadow 500 Sequoia National Forest 
Long Meadow 568 Sequoia National Forest Wishon 170 Sequoia National Forest 


ager, So our grove numbers differ from others (e.g., Rundel 
1972a; Willard 1995). For example, Sequoia and Kings Can- 
yon National Parks used tree data and went into detail on the 
number of trees in each area (with the smallest number being 
one). The Sequoia National Forest, conversely, used their 
mapping procedure definitions from the MSA to distinguish 
their groves. There was not time for our workgroup to rec- 
tify these differences under the time constraints of SNEP. 


Discussion of Grove Database 


There are seventy-three giant sequoia groves (some of which 
are grove complexes) in the Sierra Nevada (figure 1 and table 
1). All of these groves occur along the western slope of the 
Sierra Nevada, with the northernmost grove the Placer County 
Grove (39.0583 °N) on the Tahoe National Forest and the 
southernmost grove the Deer Creek Grove (35.8714 °N) on 
the Sequoia National Forest The most westerly grove is again 
the Placer County Grove (120.51 °W), and the most easterly 
grove is the Freeman Creek Grove (118.5155 °W) on the Se- 
quoia National Forest. 


The large Freeman Creek grove (1,674 Ha [4,186 ac] buff- 
ered Botanic Area) also the has the highest maximum eleva- 
tion (2,595 m asl) and a northeast aspect, while the small 
Clough Cave Grove (.2 Ha [0.5 ac]) has the lowest minimum 
elevation (1,081 m asl) and a northeast aspect. The large 
Dillonwood grove (approaching 800 Ha [2,000 ac]) has the 
greatest elevational within-grove range (1,210 m) with a west- 
erly aspect, with the small Squirrel Creek grove (.08 Ha [0.2 
ac]) has the lowest elevational range (24 m) and a southeast 
aspect. 

In reference to grove aspect range-wide, forty-three of the 
groves have a northern aspect (northwest to northeast), with 
twenty-seven of these a northwest aspect. It is unusual for a 
grove to have a southern aspect. 

Although a common myth is that the groves occur on flat, 
interfluve ridge-tops, only thirteen of the groves occur on 
slope of 10° or less, with the bulk of the groves occuring on 
11-25.5° slopes (fifty-two groves). Five groves occur on slopes 
greater than 30°. 

Both the surficial geology and soils found within the groves 
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TABLE 8.2 
Administrative Unit/Manager Grove Name Management Status 
Bureau of Land Management Case Mountain Range 
Calavers Big Tree State Park North Calaveras Park 
Calavers Big Tree State Park South Calaveras Park 
Kings Canyon National Park Big Stump Park 
Kings Canyon National Park Sequoia Creek Park 
Kings Canyon National Park Grant Park 
Kings Canyon National Park Redwood Mountain Park 
Mountain Home State Demonstration Forest Silver Creek Virgin 
Mountain Home State Demonstration Forest Mountain Home Multiple use 
Sequoia National Forest Tenmile MSA 
Sequoia National Forest Powderhorn MSA 
Sequoia National Forest Abbot Creek MSA 
Sequoia National Forest Cunningham MSA 
Sequoia National Forest Burton MSA 
Sequoia National Forest Landslide MSA 
Sequoia National Forest Maggie Mountain MSA 
Sequoia National Forest Boulder Creek MSA 
Sequoia National Forest Little Boulder MSA 
Sequoia National Forest Silver Creek MSA 
Sequoia National Forest Agnew MSA 
Sequoia National Forest Grant MSA 
Sequoia National Forest Lockwood MSA 
Sequoia National Forest Deer Creek MSA 
Sequoia National Forest Wishon MSA 
Sequoia National Forest Mcintyre MSA 
Sequoia National Forest Starvation MSA 
Sequoia National Forest Bearskin MSA 
Sequoia National Forest Cherry Gap MSA 
Sequoia National Forest Kennedy MSA 
Sequoia National Forest Deer Meadow MSA 
Sequoia National Forest Middle Tule MSA 
Sequoia National Forest Burrow Creek MSA 
Sequoia National Forest Alder Creek MSA 
Sequoia National Forest Indian Basin MSA 
Sequoia National Forest Big Stump MSA 
Sequoia National Forest Wheel Meadow MSA 
Sequoia National Forest Packsaddle MSA 
Sequoia National Forest Long Meadow MSA 
Sequoia National Forest Dillonwood MSA 
continued 


are diverse. Although we are lacking detailed geological data 
for twenty-six of the groves, for the remainder, thirty-three 
occur on Mesozoic granitics of varying composition, with nine 
groves on older metasedimentary formations and one grove 
on volcanics. This largely reflects the percentage availability 
of these rocks types with the geographic range of the species. 
Soil types are typically more diverse than the surficial geol- 
ogy, as time, relief and climate play important roles in pedo- 
genesis. Common soil series are Shaver, Holland, Chaix, 
Chawanakee, Tollhouse, and Monache, classied largely as 
dystric xerochrepts (moderately deep, coarse loamy soils), 
pachic xerumbrepts (deep, coarse loamy soils), and generally 
well-drained soils forming from granitic rocks. A few older, 
more acidic humults are found on plateau-interfluve areas. 
Research on the soils and geology of the groves continues, 
with Yosemite National Park initiating soil mapping in its 
groves in the summer of 1995. In addition, Don Potter, Forest 
Service Zone Ecologist based out of the Stanislaus National 
Forest, has also initiated soil sampling and mapping for se- 
lect groves in the Sierra and Sequoia National Forests in his 
work on soils of the mixed conifer forest. 

Native American occupation has been detailed in some 


excavated grove areas (e.g., Mountain Home and Yosemite’s 
Mariposa grove), and other areas have evidence of past use; 
yet, detailed archeological reconnaissance of all groves has 
not been done. Early Euroamerican settlements consisted of 
mining and logging camps, hotels, and private cabins in vari- 
ous groves. Present-day settlements include homes, vaca- 
tion cabins, motels, camping facilities and day-use facilities. 
Forty-one of the groves have been settled by humans in his- 
toric and prehistoric times. 

Current conditions show that many groves may be prone 
to intense fire as the result of historic logging and fire sup- 
pression practices. Thirty-two of the seventy-three groves 
have been logged. Logging impacts vary depending upon 
past ownership and management. Any future logging in 
grove areas is a question of management objectives, societal 
acceptance, and understanding of scientifically-justified for- 
est practices. Using certain types of logging for fuel reduc- 
tion, to maintain forest sustainability/health and to aid 
regeneration of shade intolerant species is considered an op- 
tion for discussion by forest managers in many cases, alone 
or in conjunction with prescribed burning. 

Logging of young giant sequoia is currently on-going in 


TABLE 8.2 continued 
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Administrative Unit/Manager 


Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sequoia National Forest 
Sierra National Park 
Sierra National Park 
Tahoe National Forest 
Tulare County Batch Park 


Tule River Indian Reservation 


UC Whitaker Forest 

Yosemite National Park 
Yosemite National Park 
Yosemite National Park 


ADDENDUM 
Grove Name Management Status 

Red Hill MSA 
Peyone MSA 
Redwood Mountain MSA 
Mountain Home MSA 

Black Mountain MSA 
Belknap complex MSA 
Freeman Creek Botanic area 
Evans MSA 
Converse Basin MSA 
Putnam-Francis Park 

Clough Cave Park 
Forgotten Grove Park 
Squirrel Creek Park 
Surprise Park 
Coffeepot Canyon Park 

Devils Canyon Park 
Dennison Park 
Cahoon Creek Park 

New Oriole Lake Park 

Horse Creek Park 

Lost Park 
Pineridge Park 
Skagway Park 
Suwanee Park 
Redwood Creek Park 

Oriole Lake Park 

Castle Creek Park 

South Fork Park 
Redwood Meadow Park 
Homers Nose Park 

Muir Park 

Eden Creek Park 

East Fork Park 
Garfield Park 

Atwall Park 

Giant Forest Park 
McKinley Botanical area 
Nelder Historical area 


Placer County 
Mountain Home 


Botanical area 
County park 


Black Mountain Multiple use 
Redwood Mountain Research 
Tualamne Park 
Merced Park 
Mariposa Park 


select areas of Mountain Home and possibly on some private 
lands. Light logging of white-woods is occuring on private 
lands surrounding some public agency groves, and some sal- 
vage cutting of white-wood hazard trees, to be left as down 
timber, is projected for two Sequoia National Forest groves, 
as agreed upon by all concerned parties. 

Road development is well documented and not much ex- 
pansion is planned for the future, but some may be done 
around grove peripheries on private land. Some removal of 
roads, trails, and other structures to create a more “natural” 
state is planned for areas in the Yosemite National Park and 
Calaveras State Park groves and in Giant Forest of the Se- 
quoia National Park. Trampling occurs in some areas, mostly 
from trail use in heavily visited groves. The potential for de- 
velopment of homes and other structures remains as well as 
the potential for giant sequoia logging on private lands. 

Fire is seen as a major threat to many giant sequoia groves 
due to decades of fire suppression and resulting fuel accu- 
mulation. However, with no precise fuel sampling for many 


groves, the extent of the fire risk is largely unquantified. Per- 
cent dead standing and percent dead down trees are incom- 
plete in our database as well. The Sequoia National Forest 
has undertaken a systematic fuels inventory of all of its giant 
sequoia groves as stipulated under the MSA, but this inven- 
tory is at present incomplete. Kings Canyon National Park 
has received funding for a five-year, prescribed fire project 
that will effect groves in the Mineral King area as in the Atwell 
Grove. Other groups with prescribed burning programs are 
continuing their efforts, such as at Yosemite National Park 
and Calaveras Big Trees State Park. 

Detailed fire history studies have been compiled using tree- 
rings for several areas (Sequoia and Kings Canyon National 
Parks, Sequoia National Forest, Mountain Home Demonstra- 
tion State Forest), and this research will continue in certain 
areas (e.g., Caprio and Swetnam 1993; Caprio et al 1994). 

Insect and disease information is not detailed. Key organ- 
isms for giant sequoia communities, like annosus root rot and 
white pine blister rust, are noted briefly. Bark beetles also 
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receive little attention. Other potential inhabitants and dis- 
eases have been studied minimally in specific groves (e.g., 
Piirto 1994; Stecker 1973). Most recently, Sandlin (1993) found 
that Phytophthora citrophora can be a root rot and a foliar blight 
in greenhouse-grown sequoia with overhead watering. 

Grazing history is very generalized in most cases, although 
we know that historic grazing impacts in some groves were 
significant, and fifty-eight of the groves have been grazed, 
although fifteen of these have minimal grazing. Current graz- 
ing concerns are with stock traffic through the groves and 
trampling, since few herbaceous understory plants occur in 
the largely closed-canopy groves today. There is little data 
on the number of sheep or cattle occurring at certain times in 
the groves, as some of the U.S. Forest Service groves are within 
large range allotments but specific grove use is unknown. No 
specific studies of grazing effects near groves have been done 
either, which is not helpful in addressing the trampling con- 
cerns (section IV on management and Menke, 1996, SNEP re- 
port). 

Less intrusive visitor experiences continue to gain in popu- 
larity. Yosemite, Calaveras and Sequoia and Kings Canyon 
parks are planning removal and changes of human structures 
in their groves, such as the removal of structures from Giant 
Forest in Sequoia National Park. In regard to trampling along 
paths, the rerouting of paths and fencing is being done to 
minimize damage to the root zone. 

Development in areas surrounding the groves, and within 
their spatially defined ecosystem, may occur, which will ef- 
fect neighboring groves differently depending upon indi- 
vidual circumstances (e.g., the position of these impacts within 
the grove watershed, adjacency to tree roots, etc.). 


Giant Sequoia Bibliography 


Sources for our bibliography included Melvyl] [the Univer- 
sity of California (UC) on-line library catalog], Life Sciences 
CD-ROM, Agricola CD-ROM, Sequoia-Kings Canyon Na- 
tional Park research library and general library, Yosemite 
National Park research library, David Parsons’ (U.S. Forest 
Service [USFS]) personal compilation, Bob Rogers’ (USFS) per- 
sonal compilation, Don Fullmer’s (USFS) search of the USFS 
Pacific Southwest Research Station (PSW) references avail- 
able through the National Agricultural Library, the 1992 Gi- 
ant Sequoia Symposium proceedings, Dwight Willard’s book 
Giant Sequoia Groves of the Sierra Nevada (1995), previous bib- 
liographic compilations, selected information from the Uni- 
versity of Arizona Laboratory of Tree-Ring Research, John and 
Marge Hawksworth, the Sierra National Forest, the Tahoe 
National Forest, the Mountain Home Demonstration State 
Forest, UC Berkeley’s Whitaker’s Forest, references from 
books, and pieces of primary research literature. 

References were entered into the EndNote Plus 2 biblio- 
graphic database program (Macintosh and DOS versions 
available). Abstract, language, location of item, and detailed 


page numbers were included, as available. Keywords spe- 
cific to this bibliography were added for easier searches (table 
3). A total of 716 references were entered, with 15 general 
pointers to other available references too disjunct or incom- 
plete to be included singly. Broad topics of review are life 
history and growth habits of the species, physiology, envi- 
ronment, stresses, study techniques, evolution, genetics, an- 
thropogenic effects and value systems, paleontology and 
organisms. Some of these categories are broken down into a 
general keyword list (table 3), which includes the bibliogra- 
phy numbers for references with the particular keyword 
(cross-referenced with the bibliography). Even more detailed 
keywords are available for search in the digital database (e.g., 
EndNote library). 

Topics with numerous references include fire, ecology, his- 
tory, management, and cultivation of giant sequoia in other 
countries. We found moderate numbers of references on 
wood, growth, genetics, reproduction, tree-rings, distribution, 
ozone, disease, and climate. Few references were found for 
geology, soils, mammals, birds, grazing, anthropogenic effects 
(covering roads and recreation as well), roots, and decompo- 
sition processes. No explicit surveys of reptile and amphib- 
ian life were found. Asummary of the literature is presented 
in appendix 8.1. 


TABLE 8.3 


Key Words for Bibliographic Database: 


air pollution evolution ozone 
anthropogenic effects fire protection 
climate fungi reproduction 
cones genetics roots 
cultivation growth succession 
damage insects soils 
disease logging wildlife 
distribution management wood 
ecology Native American issues 


Data Fields for Relational Grove Database: 


grove name 

location: latitude, longitude, UTM, watershed, nearest tributary, topographic 
position 

acreage 

maximum and minimum elevation, slope angle, aspect 

surficial geology 

soils 

largest trees, named trees 

presence of seedlings, saplings, young trees, monarchs 

plant communities, vegetation zones 

fuel sampling 

logging, grazing and fire histories 

human settlements and activities 

regeneration capability 

insect infestations 

fungal and lower plant diseases 

percent dead snags and percent dead down 

threats and impacts of fuels/fire, roads, logging and trampling 

management regime 
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MAPPING OF GIANT SEQUOIA GROVES 
AND GIS COMPILATION 


Stipulations of the Mediated Settlement 
Agreement 


The Mediated Settlement Agreement for the Sequoia National 
Forest (Sequoia National Forest 1990), Section B, outlined sev- 
eral steps for the Forest to take in order to “protect, restore, 
and preserve their giant sequoia” (pages 6-28, Sequoia Na- 
tional Forest 1990). The first Section B task for the Forest was 
to undertake a detailed and accurate mapping of the giant 
sequoia groves so that boundaries could be delimited and 
signed and designated protection (primarily from logging and 
road construction) more readily enforced. This was a major 
concern of environmental interests due to past Forest logging 
practices. The Forest also agreed to pull its giant sequoia 
groves out of the timber base pending full revision and ap- 
proval of the Forest Land Management Plan. 

The MSA outlined some of the requirements for the Forest’s 
mapping procedure. In the spirit of the MSA, a Grove Bound- 
ary Team was to be formed, comprised of one representative 
each from the Sierra Club, the Save-the-Redwoods League, 
the timber industry and the Forest Service. This Team is in 
charge of approving boundary lines and any alterations to 
grove identification protocols. For the grove itself, a “hypo- 
thetical perimeter” line was to be placed around the outer- 
most giant sequoias. For this perimeter line, any giant sequoia 
1 ft or larger diameter breast height (dbh), located within 500 
ft of at least 3 other giant sequoias 1 ft or larger dbh was to be 
included in the grove of concern. The first buffer encircling 
the grove hypothetical perimeter was designated the “admin- 
istrative grove boundary” of 300 or 500 ft. Outside this first 
buffer, a second zone was defined as a “grove influence zone”, 
and was comprised of another 300 or 500 ft. Any isolated 
giant sequoia under 3 ft dbh and located within the grove 
influence zone are protected from logging. The Forest will 
try to protect the “small” giant sequoia outside the grove in- 
fluence zone as well, but no additional buffer zones were re- 
quired. Topographic features could determine boundaries of 
these zones instead of a 300 or 500 ft distance, but anthropo- 
genic features could not unless agreed to by the entire Team. 
Under the MSA, these boundaries were the minimum pro- 
tection criteria, and secondary to Spotted Ow! Habitat Area, 
roadless area, condor site, botanical area management, and 
other areas of special designation. 

Grove identification was to follow Rundel’s (1972a) grove 
identifications, unless groves were close enough to manage 
as a single large grove, termed a “complex.” If neighboring 
groves were merged into a grove complex, then the hypo- 
thetical perimeter line followed the outermost trees in the 
entire complex. Rundel-identified groves were not to be frag- 
mented into smaller groves. Outliers to groves were to be 
dealt with on a case by case basis depending upon location. 
Detached naturally occurring groups (ten or more trees, with 


at least four trees of 3 ft or greater dbh) outside grove influ- 
ence zones and not included as a Rundel grove were to be 
designated as “new groves” and given a 300-ft administra- 
tive grove boundary plus a 300-ft grove influence zone. 

For several groves on the Sequoia National Forest, detailed 
guidelines were laid out for mapping the boundaries as they 
related to other types of management, but most groves re- 
ceived simple boundary mapping criteria. The Black Moun- 
tain Grove was connected to the Black Mountain Roadless 
Area, and given a 500-ft administrative grove boundary plus 
a 500-ft grove influence zone (table 4). The Belknap/ 
McIntyre/Wheel Meadow Grove Complex was to be consid- 
ered as one large grove, with a 500-ft administrative grove 
boundary plus a 500-ft grove influence zone. The Greater 
Evans Grove Complex was to be considered one large grove 
including Lockwood, Evans, Kennedy, Burton, Little Boulder, 
and Boulder groves, with a 500-ft administrative grove bound- 
ary plus a 500-ft grove influence zone. The Freeman Creek 
Grove and Watershed area had a Botanic Area, with the sur- 
rounding area under planning, with a 500-ft administrative 
grove boundary. The Indian Basin Grove was given a 500-ft 
administrative grove boundary plus a 500-ft grove influence 
zone, with some exceptions for logging to increase humans 
around Princess Campground. Other 500 ft administrative 


TABLE 8.4 


Width of administrative buffer beyond outermost tree perim- 
eter, Sequoia National Forest giant sequoia groves. 
500 Feet 


300 Feet To Be Determined 


Alder Creek. 
Cherry Gap 
Cunningham 
Mountain Home 
Powderhorn 


Bearskin 

Belknap Complex 
Belknap 

Mcintyre 

Wheel Meadow 
Big Stump 

Black Mountain 
Converse Basin 
Deer Creek 

Evans Complex 
Evans 

Boulder Creek 
Kennedy 

Little Boulder 
Lockwood 

Grant 

Grant 

Abbott Creek 
Indian Basin 
Landslide 

Long Meadow 
Packsaddle 
Peyrone 

Red Hill 

Redwood Mountain 
Starvation Complex 
Starvation 
Rundel’s Powderhorn 


Agnew 

Burro Creek 
Deer Meadow 
Dillonwood 
Freeman Creek 
Maggie Mountain 
Middle Tule 
Silver Creek 
Wishon 
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grove boundaries plus 500-ft grove influence zones were to 
go around Bearskin, Big Stump, Deer Creek, Grant, Landslide, 
Long Meadow, Packsaddle, Peyrone, Red Hill, Redwood 
Mountain, Starvation Creek, and Tenmile groves. Six hundred 
acres of Converse Basin recommended for preservation were 
given a 500-ft administrative boundary. The Powderhorn, 
Alder Creek, Abbott Creek, Cherry Gap, Mountain Home 
(USFS portion), and Cunningham groves all received a 300-ft 
administrative grove boundary and a 300-ft grove influence 
zone. Remote groves within wilderness or roadless area pro- 
tection were not required to have precise boundary determi- 
nations (Agnew, Burro Creek, Deer Meadow, Dillonwood, 
Maggie Mountain, Middle Tule, and Silver Creek groves). 


The Grove Mapping Process for Sequoia 
National Forest 


The Grove Boundary Team members chosen to fulfill the terms 
of the Mediated Settlement Agreement were Glen Duysen 
(timber industry representative), Robert Jasperson (Save-the- 
Redwoods League representative), Joe Fontaine (Sierra Club 
representative), and Lew Jump (Forest Service representative 
and Team Leader). Bob Rogers took over as Forest Service 
representative and Team Leader after the first year. 

Early exploration of mapping procedures by the Forest in- 
volved review of the potential usefulness of standard forest 
inventory interpretation from aerial photographs, LANDSAT 
image analysis, and the use of on the ground District knowl- 
edge of grove and tree locations. All of these procedures gave 
unsatisfactory draft grove boundaries when field checked. 
The best procedure for initial grove delimitation was deter- 
mined to be aerial photo-interpretation by the U.S. Forest 
Service’s Nationwide Forest Application Project (NFAP). This 
work was done under contract in 1991. Here, professional 
photo-interpreters used color positive transparencies of aerial 
photographs at 1:12,000 scale, with 7X magnification for grove 
mapping. After being shown several examples of known gi- 
ant sequoia in these photographs, such that a qualitative pho- 
tographic signature could be established, the interpreters 
placed colored dots on what they believed to be the giant se- 
quoia crowns in the photos. Two categories were used to show 
presence of giant sequoia: sure and suspected. The interpret- 
ers were not told where to look for the groves, so they re- 
viewed the entire Sequoia National Forest in their 
photographic analyses. They also made several trips to the 
Forest to ground check their results. 

With the photo-interpretation well under way, on the 
ground grove mapping and boundary delineation and place- 
ment began in 1992, with what were believed to be “easy” 
groves to complete. After examining NFAP maps, mapping 
crews were sent to the field to check potential outlier trees, 
find the outermost trees for the hypothetical perimeter, and 
set boundary lines. The perimeter was verified and flagged, 
and then the administrative boundary (i.e., the first “buffer” 
zone) was flagged, mapped, posted, and surveyed using a 


global positioning system (GPS). This entire process was dif- 
ficult and time-consuming. Due to personnel restrictions, 
modifications to the procedure were unfeasible, so work con- 
tinued in the same manner in 1993. After these two years, 
only thirteen of the thirty-eight Sequoia National Forest groves 
were completely mapped. Knowledge gained in 1993 pro- 
vided background for procedural changes proposed for the 
1994 field season, With the Forest deciding that it needed a 
more efficient and less costly method for mapping the remain- 
ing “difficult” groves, Bob Rogers presented a modified pro- 
cedure to the Grove Boundary Team which was approved and 
implemented in 1994. 

NFAP photo-interpretation was still the main data source 
for giant sequoia ground locations. Secondary sources in- 
cluded 1989 maps from the Save-the-Redwoods League, 1988 
district maps updating the forest inventory, and personal 
knowledge. The first step in the new procedure was to sketch, 
on a 1:24,000 U.S. Geological Survey (USGS) topographic 
quadrangle map a “first approximation” of the administra- 
tive grove boundary without including areas identified by 
NFAP as “suspected” tree locations. Topographic and anthro- 
pogenic features were acceptable to use in following lines, 
with arbitrary lines created as a last resort. This map was 
then to be reviewed by the responsible District Ranger on the 
Forest. The second step was to field check the suspected NFAP 
locations for giant sequoia outside the first approximation. 
Where the trees were found to be present, the administrative 
boundary was then adjusted to include them in a “second 
approximation.” This second approximation line was 
mapped, flagged, and field-checked by having the crew 
spread out and walk parallel to the line (e.g., as for traditional 
archeological surface inventories) to insure that no giant se- 
quoia were present from the hypothetical perimeter to the 
administrative boundary, or from the administrative bound- 
ary to the potential grove influence zone boundary. As it was 
verified, a second color flagging was attached to the admin- 
istrative boundary. The final administrative boundary was 
then mapped, posted, and GPS traversed. GPS files were con- 
verted and downloaded into the Forest Service’s DRIS GIS. 

In addition, aerial GPS traverses, using both helicopter and 
fixed-wing airplanes, were performed on the remote groves 
over wilderness and roadless areas. The flight area above the 
grove was explored, and then the outermost giant sequoia 
tree-line (i.e., hypothetical perimeter) determined from the 
NFAP mapping and local knowledge was traversed and 
closed. No buffer boundaries were mapped. Segment de- 
scriptions were noted in detail, except for the Agnew and Deer 
Meadow groves (see the Sequoia National Forest reports from 
11/30/94, 12/9/94, and 1/18/95). An unnamed grove, now 
called “Wishon,” was found during aerial GPS mapping and 
is included in a roadless area. 

General grove designation changes since the Mediated 
Settlement Agreement (1990) was enacted include the desig- 
nation of the Starvation Complex grove (which includes 
Rundel’s Powderhorn grove), South Peyrone grove (unnamed 
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previously), Wishon grove (unnamed previously), and the 
Powderhorn Tree, which are all considered groves. Tenmile 
grove is believed to be non-existent. 

The presence of stumps did not alter the grove boundaries 
in any way, as large numbers of stumps were not found out- 
side the area inhabited by existing giant sequioa trees, but 
stumps were noted in the field log and located on the map. 
For future grove mapping, in areas with large numbers of 
stumps beyond the distribution of living giant sequoia trees 
(e.g., Converse Basin, Cherry Gap, Abbott, and perhaps Grant 
groves), these stumps will be located within the grove influ- 
ence zone as potential areas of future giant sequoia growth. 

With all groves now mapped by the Forest, administrative 
grove boundary approval by the Boundary Team remains 
pending for a few groves. 


SNEP Evaluation of Sequoia National Forest 
Grove Mapping 


From examination of the various map products (e.g., NFAP 
air photo tree and grove delimitations, LANDSAT image 
analysis, examination of field-based maps,and other prod- 
ucts), of the procedures used, and based on discussions with 
the Grove Mapping Team, Sequoia National Forest staff, the 
interested public, and site visits to several mapped groves, 
the SNEP team supports the Sequoia National Forest’s grove 
mapping as dictated under the MSA and approved by the 
Grove Mapping Team and Forest Supervisor. The U.S. Forest 
Service air-photo interpreters, field crews, Land Management 
Planning GIS staff, and the Grove Boundary Team and its 
volunteer support staff have all done an excellent, detailed 
and highly accurate delineation of the Forest’s giant sequoia 
groves. 

Giant sequoia managers on other Forests and in the Parks 
have expressed interest in using these same methods to accu- 
rately map their giant sequoia groves. The authors support 
this effort and believe that it will bring much consistency to 
grove demarcation, enabling better site-specific grove ecosys- 
tem management for the future. 

It is important in further Forest efforts to accurately locate 
using GPS technology all boundary lines, including the grove 
hypothetical perimeters, administrative boundaries, and 
grove influence zones, especially if there is any deviation of 
these buffer zones from the designated straight-line distance 
requirments. The Forest has not been consistent in which 
boundary line it has actually tranversed with GPS units. Fur- 
thermore, beyond the requirements of the MSA, it would be 
of value for the Forest to map grove watersheds, airsheds and 
other aspects of the functional giant sequoia ecosystems. 


Status of Grove Mapping and GIS Compilation 
for All Administrative Giant Sequoia Units in 
the Sierra Nevada 


The authors have compiled a GIS for all giant sequoia groves 
in the Sierra Nevada utilizing the software ARC/Info on Sun 
Sparc, UNIX-based workstations. This is part of the SNEP 
GIS project. The two primary elements of this GIS are digital 
maps (spatial information) and attendant database attributes 
for each grove. This section will describe the methods em- 
ployed in the development of the digital map base. 

Giant sequoia groves are managed by eleven public agen- 
cies and a number of private entities. This has resulted in 
substantial difficulty in the compilation of the digital map 
data due to wide variation in the methods these groups have 
used to both delimit their groves, individual trees, and vari- 
ous administrative units, and in the accuracy of the techniques 
they have used to further depict these on maps of various 
scales. It is extremely important that the user of our database 
understand that the digital map, or coverage, is our best com- 
pilation of digitized hard copy maps and digital spatial cov- 
erage files on giant sequoia grove boundaries. It is also 
important to note that giant sequoia mapping has been un- 
dertaken by these various agencies following different objec- 
tives. Some of the boundaries are intended to represent a 
line drawn around the outermost trees in a grove, while oth- 
ers included “buffer zones” for special administrative pur- 
poses. Also, in many cases, administrative boundaries are 
manifested by unnaturally straight or right angle delineations 
of grove boundaries. Lastly, there is great dispute regarding 
what constitutes a giant sequoia “grove” or if the very con- 
cept of a grove is even useful from more than a management 
perspective (see following section on biological hierarchies). 

The specific mapping objectives, methods and resolution 
employed by the various public agency administrative units 
are described below. References are cited as possible, but in 
many cases there is no published reference available, and as 
such personal communication is noted. 


Sequoia National Forest 


The most intensive effort to accurately map giant sequoia 
groves has taken place on the Sequoia National Forest, as 
outlined above. As stated in the Forest’s MSA (1990, page 9), 
“it is desirable that the Sequoia National Forest shall inven- 
tory all giant sequoias (3 feet or larger dbh) in each Grove by 
size and approximate location in order to provide a suitable 
database for future protection of the sequoias.” This process, 
as summarized here, is described in greater detail by Bob 
Rogers (Sequoia National Forest), as well as in the above sec- 
tion of this manuscript. As noted previously, various groves 
have no buffers, 300-ft buffer zones, or 500-ft buffer zones 
(table 4). 

For our digital maps of the groves in the SNEP GIS, pre- 
liminary maps were provided by Bob Rogers for the Converse 
Basin, Redwood Mtn., Evans, Boulder Creek, Kennedy, Little 
Boulder, Lockwood, Alder Creek, Landslide, Abbott, Grant, 
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and Cherry Gap groves on 7.5 minute USGS topographic 
quadrangles based on the NFAP mapping data and limited 
field reconaissance. These polygons were then digitized into 
our spatial coverage, with these grove boundaries less accu- 
rate than those further field verified and traversed using GPS. 
Mapping of these final Forest groves is now completed and 
will be imported into our GIS project. 


Sequoia And Kings Canyon National Parks 


Through a series of contracts during the 1960s and 1970s, field 
crews mapped all identifiable giant sequoia trees. These crews 
laid out lines and measured perpendicularly from those lines 
(with a tape or by pacing) to produce x-y coordinates for the 
trees. These 1"=200' (1:2,400) scale maps were spliced together 
and grove polygons were created by connecting the outer- 
most trees in a cluster. The density of what constituted a clus- 
ter was only roughly estimated (e.g., there was no 500-ft 
inter-tree distance rule for outermost tree inclusion). In 1979, 
the polygons were reduced to scale and transferred to 15 
minute USGS topographic quadrangles (scale 1:62,500) using 
a Pantograph by Doug Walner of the National Park Service 
(NPS) under the supervision of Tom Warner, not by the origi- 
nal contractors. These maps were later digitized and incor- 
porated into the Parks’ GIS in the spring of 1995 by the Park’s 
GIS expert Pat Lineback (David Graber and Nate Stephenson 
1995 personal communication). 


Sierra National Forest 


At the request of the SNEP team, polygons depicting the gi- 
ant sequoia groves as represented by the outermost tree pe- 
rimeter were estimated using orthophotos and recollection 
from field visits. Wayne Hance and John Exline of the Forest 
staff were responsible for delimitation of the Nelder and 
McKinley Groves, respectively. These were drawn on 7.5 
minute USGS topographic quadrangle maps (scale 1:24,000) 
and digitized. In the memo from the Regional Forester dated 
June 19, 1992, it is stated that the Forest will delimit and map 
its groves following the procedures developed by Sequoia 
National Forest in compliance with the MSA. This mapping 
has not yet been done to our knowledge as the Forest has 
awaited the finalization of the grove mapping procedure by 
the Sequoia National Forest, which is now complete. 


Tahoe National Forest 


A polygon representing the outermost tree perimeter was es- 
timated by Richard Johnson of the Forest staff using recollec- 
tion from field visits of the single Placer County Grove. This 
was drawn on 15 minute USGS topographic quadrangle map 
(scale 1:62,500) and digitized. In the memo from the Regional 
Forester dated June 19, 1992, it is stated that the Forest will 
delimit and map its groves following the procedures devel- 
oped by Sequoia National Forest in compliance with the MSA. 
This mapping will be done in the future and will be very 
straightforward for this small grove. 


Yosemite National Park 


Giant sequoia polygons were digitized from registered mylars 
(overlaid on 7.5 minute USGS topographic quadrangle maps; 
scale 1:24,000) depicting Yosemite National Park’s vegetation 
types. The polygons enclose the outermost trees in the groves. 
Mapping was done in the field without the aid of a global 
positioning system. 


Mountain Home Demonstration State Forest 


Polygons representing the outermost tree perimeter were es- 
timated by David Dulitz using recollection of field visits span- 
ning over 20 years. These were drawn on 15 minute USGS 
topographic quadrangle maps (scale 1:62,500) and digitized. 


Calaveras Big Trees State Park 

Grove polygons representing the outermost tree perimeter 
were manually transfered from forest inventory maps (re- 
ceived from forest ecologist Wayne Harrison) to a registered 
Stanislaus NF recreation map (1/2 inch = 1 mile; scale 
1:125,000), and digitized. 


Whitaker’s Forest (University Of California), Bureau Of 
Land Management Case Mountain Grove , Tule River 
Indian Reservation Groves, Tulare County Parks (Balch 
Park), And Select Private Lands 


The grove polygons on these lands were located in the NFAP 
giant sequoia coverage compiled for the Sequoia National 
Forest and imported into the main coverage and digitized. 


Summary of Overall Spatial Coverage 


The resulting spatial coverage was edited for errors and pro- 
jected into the California Albers’ Projection. The spatial reso- 
lution of grove boundaries varies as the result of whether or 
not accurate field delimitations of the groves were done, what 
field criteria were used in defining groves, how outlier trees 
were treated, whether GPS technology was employed to ac- 
curately record point locations, and at what scale maps were 
produced where GPS technology was not utilized. 

The number of polygons in the resulting coverage does not 
correspond to the number of grove names used for three rea- 
sons. First, property ownership boundaries through groves 
were maintained, so that there might be two adjacent poly- 
gons for the same grove. This was done primarily because 
the administrative agencies often provided unique data sets 
based on the differing management histories. Second, some 
groves were mapped and depicted using multiple polygons. 
Last, some of the Sequoia National Forest groves are aggre- 
gated into single polygons representing grove complexes. 

The spatial coverage for each grove is used as a geographic 
overlay with other spatial coverages (e.g., soils, surficial bed- 
rock, slope and aspect) to obtain data on grove elevations, 
topography, physical environment, and other environmental 
variables. The accuracy of grove boundaries thus becomes 
very important for various research purposes so that we can 
better understand giant sequoia grove ecosystems. 
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HUMAN USE OF GIANT SEQUOIA 
ECOSYSTEMS 


Giant sequoia and humans are both biological organisms that 
are a part of the functional ecosystems of the Sierra Nevada, 
and people have a long association with these spectular trees. 
The human dimensions of giant sequoia ecosystems have 
changed through time, as our perceptions and uses of the trees 
and the groves as both ammenities and commodities have 
changed, as the intensity of our activities has changed, and 
as we have impacted the regional environmental quality of 
the Sierra Nevada. Changing individual, group and societal 
values are of paramount important to the Mediated Settle- 
ment Agreement. These changes have not followed any clear 
trend, but do follow the general pattern or cycle of individual, 
family and societal development (figure 2), with: 


1. our knowledge changing, as we are provided with new in- 
formation (e.g., the discovery of giant sequoia, scientific 
data today attesting to a lack of reproduction in most 
groves, fire as an important and frequent natural process 
in the groves); 


2. this knowledge informing our culture and allowing it to 
further evolve (e.g, cultural acceptance of logging in the 
groves, our reverance for long-lived organisms increasing 
the public’s interest in giant sequoia); 


3. our knowledge and culture providing us with the technol- 
ogy to conduct different practices (e.g., the construction of 
highways, the logging, removal and milling of very large 
trees); 


4. our personal values influencing our use of the groves and 
of this technology (e.g., increased logging); 


5. economics as a force providing us with a range of choices 
based on our value systems for managing the groves and 
using the technology at hand (e.g., for aesethic values un- 


FIGURE 2 


der a conservation ethic if funds allow purchase of groves 
for reserves, capitol available to log groves using various 
methods and the cash value of the lumber making this 
economically viable); 


6. our perception as to whether these existing or new uses of 
groves are good, bad or of some general value (e.g., clear- 
cutting as a good forest practice within giant sequoia 
groves, development of new tourist facilities with groves 
acceptable); 


7. use of our knowledge, culture, technology, personal val- 
ues and economics to then establish new policy (e.g., cre- 
ation of reserves, funding of aggressive fuels reduction 
programs); and 


8. the implementation of these policies through various ac- 
tions (e.g.,a prescribed burn program, the removal of grove 
facilities). 


The outcome of our actions provides us with a new knowl- 
edge base, which may influence our culture, our values, en- 
courage us to develop new technologies and create new 
policies, etc., as this cycle of interaction continues. It is thus 
no surprise that human interaction with the groves has 
changed through time, as influential individuals come and 
go, economic opportunities wax and wane, and political forces 
change. These interactions are chronicled here from a his- 
toric viewpoint. 

Humans have a long history of association with the giant 
sequoia ecosystem, spanning at least the last 10,000-12,000 
years according to our archeological and paleoecological data 
from the western Sierra Nevada region. Although our knowl- 
edge of Native American use of the groves is really quite lim- 
ited, there is evidence for prehistoric occupance of some 
groves and occupance adjacent to others. Archeological ma- 
terials have been found within the Atwell, Case Mountain, 
Giant Forest, Mariposa, McKinley, Mountain Home, Nelder, 


Evolution of human dimensions of giant sequoia ecosystems. 
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North Calaveras, and Redwood Mountain groves. The long- 
est record, approximately 3,000 years of occupation, is from 
the Mariposa Grove in Yosemite National Park, where the 
most detailed archeological work has been done (Hull 1989). 

We do know through discussions with contemporary Na- 
tive Americans that giant sequoia were viewed as a part of 
the circle of Earth life and of their ecosystem, as all living 
things are. The big tree (toos-pung-ish) (Hea-mi-withic) held 
special values (Franco 1994), and what our EuroAmerican 
cultures view as “ammenity” values: spiritual, aesthetic, and 
non-destructive recreational. Although materials from the 
giant sequoia were used by Native Americans no more fre- 
quently than other conifers, the groves and monarchs were 
special places to visit, think and pray. Native American cul- 
tures have the greatest respect for ancient ones, whether they 
are their elders proper, the ancient rocks of the earth, or an- 
cient trees such as the monarchs (Franco 1994). 

Early explorers, largely of European descendent, were as- 
tounded upon discovering the giant sequoia monarchs. The 
first publication noting the large “redwood” is Leonard’s 
(1839) account of the 1833 Walker expedition across the Si- 
erra Nevada. As noted by Hartesveldt et al. (1975), the trees 
they encountered were probably either the Tuolumne Grove 
or Mariposa Grove of what is now Yosemite National Park 
(see also Willard 1995). This is followed by the more infa- 
mous discovery by Dowd (Sonora Herald 1852) of the 
Calaveras groves. Over the next forty years, many large mon- 
archs were felled for exhibition, with the initial conservation 
outcry starting in 1853. However, the destruction of huge 
expanses of groves began soon thereafter in the mid 1850s, as 
lumbering spread throughout the Sierra Nevada (Hartesveldt 
et al. 1975), with elaborate railroad, flume, and mill construc- 
tion through remarkable engineering feats allowing the de- 
struction of these large trees and their progeny. Although 
significant, intensive logging of fourteen groves occurred be- 
fore 1900, logging continued through about 1950, with an 
additional twelve groves logged, and by 1950 about one-third 
of the giant sequoia acreage had been logged (Meyer for Cali- 
fornia State Legislature 1952), with major cutting in the large 
Atwell, Converse Basin, Dillonwood, Mountain Home, and 
Redwood Mountain groves. Logging of the groves slowed 
greatly in the 1950s, 1960s and 1970s, only to reemerge and 
become an issue of concern to environmentalists in the Se- 
quoia National Forest groves in the 1980s, where heavy white- 
wood logging within several groves began. In is interesting 
to note that forty-one of the seventy-three groves are 
unlogged, and that four more only have incidential tree re- 
moval due to road construction. The great majority of these 
groves (thirty) are in the National Parks (see following para- 
graph), with the Forest Service groves that remain unlogged 
(ten) largely in wildnerness and of relatively small size (5— 
300 ac). The South Calaveras Grove of Calaveras Big Trees 
State Park is also unlogged. It should also be noted here that 
many of the logged groves still have significant unlogged ar- 
eas of old-growth giant sequoia forest within them. 


In 1864, through special legislation (Hartesveldt et al. 1975), 
the federal government deeded the Mariposa Grove to the 
State of California, along with Yosemite Valley, for public rec- 
reational use and enjoyment. After a long lull and political 
battles to protect more Sierra Nevada environments, federal 
legislation was again passed in 1890 to establish Sequoia and 
General Grant National Parks, and then Yosemite National 
Park. The authors of these bills and the sentiment of the local 
California politicians made this happen very rapidly and 
opportunistically. According to Berland (1962) in Hartesveldt 
et al. (1975), destruction of great expanses of giant sequoia 
for timber helped move these acts forward. These were clearly 
conservation efforts, and the passage of this legislation in 1890 
was the most important policy protecting giant sequoia in 
our history. 

This was followed by the later protection of the North 
Calaveras Grove under the 1909 federal legislation creating 
the Calaveras Bigtree National Forest, and its subsequent 
addition to the State Park system in 1931 through the envi- 
ronmental activist, fundraising efforts of the Save-the-Red- 
woods League and the Calaveras Grove Association. The 
South Calaveras Grove was later purchased with public funds 
in 1954 and added to the State Park (Hartesveldt et al. 1975). 

Asmall group of committed conservationists continued to 
push to preserve additional giant sequoia lands, with the 
League persistent in their efforts. National Forest System 
lands were both purchased outright and transferred by proc- 
lamation to Sequoia and Kings Canyon National Park 
(Hartesveldt et al. 1975). In addition, both Sequoia National 
Forest and Sequoia and Kings Canyon National Parks have 
continued to acquire privately held giant sequoia lands and 
add them to their public land base. This effort continues to- 
day, especially in regard to private in-holdings. Furthermore, 
political efforts continue to confer additional protection to 
National Forest System groves, with the individuals chang- 
ing but several non-profit environmental groups (e.g., Save- 
the-Redwoods League, Sierra Club) remaining in the battle. 

As users of our giant sequoia forests, we have continued to 
demand recreational opportunities in the groves and to indi- 
vidual named monarchs which necessitate some paved and 
gravel road grove access, convenient visitor interpretive fa- 
cilities and overnight accomodations, and use of our personal 
automobiles to reach the groves. Many visitors want to be 
able to photograph the monarchs, which has encouraged re- 
moval of undergrowth white woods in particular and active 
vegetation management of some heavily visited groves, such 
as the Mariposa Grove of Yosemite National Park. Asegment 
of the human population also demands groves within 
wildnerness areas and in remote, “unspoiled” states. Giant 
sequoia groves are also encompassed in the larger effort to 
preserve remnant old-growth forests. 

In conclusion, we are fortunate to date that the relatively 
large number of groves and the diversity of their environ- 
mental settings and management has allowed us to maintain 
a range of human dimensions of these ecosystems, and op- 
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portunities to fulfill us all of our individual values we place 
on the groves. However, some of our values relate to specific 
groves and our personal, family or cultural histories with 
them. When these “personalized” groves are subject to log- 
ging, prescribed fire, or other human intrusion, it angers con- 
cerned citizens (as shown by lawsuits filed, the MSA, and the 
public’s response to our questionnaire), and as such, grove 
management approaches and policies must not only focus on 
giant sequoia Sierra Nevada-wide, but on individual groves 
and their place in our ecosystem. 


ECOLOGICAL STATE OF THE 
GIANT SEQUOIA GROVES 


Giant sequoia-mixed conifer ecosystems are complex and 
dynamic. The dominant tree species in this ecosystem include 
white fir (Abies concolor), sugar pine (Pinus lambertiana), pon- 
derosa pine (Pinus ponderosa), incense-cedar (Calocedrus 
decurrens), and giant sequoia (Sequoiadendron giganteum). Other 
species that are associated with these ecosystem include Dou- 
glas-fir (Pseudotsuga menziesii), red fir (Abies magnifica), Jef- 
frey pine (Pinus jeffreyi), and California black oak (Quercus 
kelloggii). We assess the current state of these ecosystems in 
the Sierra Nevada, and review how past, present and future 
management decisions have or may effect these ecosystems. 


Effects of fire 


The structure and dynamics of giant sequoia-mixed conifer 
forests of the Sierra Nevada were once dominated by frequent 
surface fires. Before the ecosystems of the Sierra Nevada were 
put under the policy of fire suppression in the early 1900s 
(Husari 1996, SNEP report), the range of fire behavior and 
resulting ecosystem effects was much more diverse when com- 
pared to the present. 

Large, high intensity fires did occur in the giant sequoia- 
mixed conifer ecosystem in the past. These events probably 
occurred when weather conditions were extreme such as in 
the 1297 AD fire that occurred in Mountain Home Grove 
(Stephenson et al. 1991). In this fire only the largest giant se- 
quoias survived; most other mixed conifer associates were 
killed. Investigations of the historical role of fire in these sys- 
tems have revealed that fires burned through the giant se- 
quoia groves in the southern Sierra every 4-13 years (Kilgore 
and Taylor 1979; Christensen et al. 1987). These fires were typi- 
cally of low intensity with patches of high intensity (Muir 
1901; Stephenson et al. 1991; Skinner et al. 1996, SNEP report). 
More than 3,200 fire scars and an additional 2,400 fire dates 
based on other indicators from the last three millennia have 
been analyzed from five different giant sequoia groves 
(Swetnam et al. 1992). This analysis of all fire indicators in 
the Circle Meadow area of Giant Forest resulted in a mean 


fire interval of 4.1 years, giving further evidence of the his- 
torical importance of fire in structuring these ecosystems. 

Frequent fires in these ecosystem resulted in forests with 
low surface fuel loads. Historically, the majority of fires in 
these systems were of low intensity and large, stand replac- 
ing fires were uncommon. 

Fire suppression has resulted in fuel accumulation and has 
increased the associated risk of large crown fires in the Sierra 
Nevada. Fire suppression has also increased the horizontal 
and vertical fuel continuity in these ecosystems and today 
they are much more vulnerable to high intensity crown fires 
when compared to 100 years ago. Increased fuel loads in con- 
junction with high fuel continuity can produce extreme fire 
behavior and effects when coupled with low humidity and 
high temperatures. Many areas in the Sierra Nevada that have 
old-growth forests are now vulnerable to such intense fires. 

The fires that occurred pre-historically occurred under vary- 
ing climatic regimes and as such were themselves diverse in 
character. They burned in a variety of sizes, severities, inter- 
vals, and to a lesser extent, seasons. The resulting diverse eco- 
system structures, in turn, produced the conditions necessary 
for future diverse fires. 

Fire suppression in the last century has resulted in drasti- 
cally reduced pyrodiversity (Martin and Sapsis 1992) in the 
giant sequoia-mixed conifer ecosystem. Most low and me- 
dium intensity fires are suppressed by wildfire agencies. Na- 
tionally, only 2% of all fires in U.S. Forest Service jurisdiction 
required large-scale suppression efforts in 1994 (Husari 1996, 
SNEP report). Only the most extreme fires burn, since sup- 
pressing these fires is almost impossible given high fuel loads 
coupled with extreme fire weather. In 1994, 94% of the total 
burned acres on National Forest System lands resulted from 
2% of the fires (Husari 1996, SNEP report). This gives further 
evidence that only the largest, most intense fires are currently 
play a significant role in forest processes. 

The ecosystem effects of these high intensity fires lack di- 
versity. Most of these fires are stand replacing crown fires, 
with very few of them low intensity surface fires. The lack of 
low and medium intensity fire events that once were very 
common has resulted in ecosystems with increased tree den- 
sity and changing species composition. Shade tolerant spe- 
cies are presently favored, and they are increasing in 
abundance in most giant sequoia-mixed conifer ecosystems. 

Native Americans influenced the prehistoric fire regime in 
the giant sequoia/mixed conifer ecosystem. They shortened 
the intervals between fires in many areas for specific land 
management objectives (K. Anderson 1993). Over 75% of the 
plant material used by most tribes of the Sierra Nevada de- 
pended upon epicormic branches or adventitious shoots from 
a diverse group of native plants (K. Anderson 1993). New 
shoots were long, flexible and straight, had few bark blem- 
ishes, and were not forked, making them excellent material 
for basket making. Unless the shrubs and trees were coppiced, 
either by fire or pruning, they would not produce material of 
superior quality. 
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Native Americans also specifically burned areas with Cali- 
fornia black oak (Quercus kelloggii) to reduce the loss of acorns 
to insects such as filbert worms (Melissopus latiferreanus) and 
filbert weevils (Curculio spp.) (K. Anderson 1993). Many of 
the Native American-ignited fires probably spread extensively 
through the giant sequoia-mixed conifer ecosystems. 

The physical effects of fire on trees depend on the charac- 
teristics of both the trees and the fires (Ryan 1990). The extent 
of damage to leaves, buds, stems, and fine roots largely de- 
termines the likelihood of death. Damage to living tissues is 
dependent on the duration of elevated temperature. An in- 
ternal temperature of 60 °C for one minute is considered le- 
thal for plant tissues (Hare 1961). Larger trees are more 
resistant to fire damage because of thicker bark, taller foli- 
age, and the increase in heat sink capacity with an increase in 
diameter (Martin 1963; Costa et al. 1991). The increase in fire 
resistance varies with tree size and differs among species (van 
Wagtendonk 1983; Stephens 1995). 

Heating of specific tree tissues during a fire can be related 
to fire characteristics that describe critical durations, amounts, 
and fluxes of heat. Fireline intensity (Byram 1959) is related 
to convectional heat transfer to foliage and buds. Fuel con- 
sumption delimits the total energy released by the fire. Greater 
consumption of surface fuels prolongs heating of cambial and 
root tissues and in general, increases mortality. In addition, 
high fireline intensities and fuel consumption increase and 
prolong the radiative heat loading on all above ground plant 
tissues. 

Young growth giant sequoia has the ability to survive ex- 
treme crown scorch. In one study, young growth giant se- 
quoia varying in dbh from 10-100 cm were subjected to 
different levels of overstory damage (Stephens 1995). No 
mortality occurred in giant sequoias that had their crown vol- 
umes scorched between 0-90%. All giant sequoias receiving 
100% crown volume scorch died in this study indicating gi- 
ant sequoia of this age and size do not recover from 100% 
crown schorch 

Thermal injury of roots may be an important source of in- 
jury to trees and other perennial plants from fire. The signifi- 
cance and relationship of root injury to tree mortality is not 
well understood and requires further research. 

Historically, the understory of the giant sequoia-mixed co- 
nifer ecosystem was much more open because of the frequent 
surface fires. Understory response to prescribed fire here de- 
pends on the amount of litter and duff consumed (Kauffman 
1986, Valentino 1988). Spring prescribed burns in old-growth 
ponderosa pine forests with high duff and litter fuel loads 
resulted in higher mortality as compared to fall burns (Swezy 
and Agee 1990). Burning reduced fine root dry weight by 
50-75% one and then five months after the treatment. Burn- 
out of litter and duff may have ecological significance in the 
giant sequoia-mixed conifer ecosystem due to high fuel load 
and proximity to surface roots and stem cambial tissue. Sum- 
mer and fall prescribed fires in giant sequoia groves in Se- 
quoia National Park have not resulted in old-growth giant 


sequoia mortality indicating this species may be more resis- 
tant to the effects of fine root mortality caused by duff and 
litter burn-out 

The removal of fire from the ecosystem has changed the 
structure and dynamics of the Sierra Nevada forests. The re- 
integration of fire into the ecosystem will require careful 
thought, action, and monitoring. 


Regeneration 


The giant sequoia-mixed conifer forests were once composed 
of a mixture of very large trees with patches of regeneration 
(Sudworth 1900; Stephenson et al. 1991). Historically, giant 
sequoia-mixed conifer forests were thinned from below by 
surface fires. Fire induced tree mortality was common in these 
systems and was fundamental in structuring the mixed coni- 
fer forest. Most large trees were not killed by the frequent 
surface fires but the smaller size classes of trees were thinned 
and snags and down trees were both created and consumed. 
The number of snags that once existed in this forest is still 
under debate. This thinning process was essential in reduc- 
ing tree density to levels such that other disturbance factors 
such as insects, disease, and drought, did not lead to cata- 
strophic loss of the forest (Kolb et al. 1994). 

Several species in the mixed conifer forest require periodic 
disturbance for successful establishment and recruitment. 
These species include giant sequoia (Sequioadendron 
giganteum), ponderosa pine (Pinus ponderosa), black oak 
(Quercus kelloggii), and to a lesser extent, sugar pine (Pinus 
lambertiana). Litter layers of 5 cm or larger will reduce giant 
sequoia seed germination dramatically (Hartesveldt and 
Harvey 1967). The duff layer is an excellent habitat for many 
damping-off diseases which kill seedlings before they can 
become established. The duff layer stores very little water and 
many germinating seedlings die because of insufficient mois- 
ture during the summer drought period. After a surface fire 
has burned over an area, many giant sequoia seedlings may 
become established (Kilgore and Biswell 1971), but recruit- 
ment will occur only if the specific site has the appropriate 
environmental conditions. 

Shade intolerant species such as giant sequoia and ponde- 
rosa pine require high light-levels to grow, since their photo- 
synthesis compensation points are higher than shade tolerant 
species such as white fir (Stark 1968; Harvey et al. 1980). Re- 
cruitment of shade intolerant species will occur in gaps in the 
forest, but will not occur under a mature forest canopy 
(Hartesveldt and Harvey 1967; Harvey et al. 1980). 

Gaps in the mixed conifer forest canopy are caused by tree 
fall, insects, disease and localized mortality during fires. With- 
out this type of disturbance, recruitment of shade intolerant 
species will occur at a slow rate and over time, shade intoler- 
ant species will be replaced by shade tolerant species. This is 
evident today with the increased numbers of white fir and 
incense cedar in the smaller size classes (Parsons and 
DeBendeetti 1979) and decreased or absent giant sequoia re- 
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cruitment (Stephenson 1994). Gap size will have a tremen- 
dous effect on seedling recruitment and growth. Seedling 
survival is more than ten times greater in areas that have 
burned in high intensity fires (Harvey et al. 1980; Harvey and 
Shellhammer 1980). Historically, the size of the opening cre- 
ated by localized high intensity fires varied between 0.1-0.4 
ha (Stephenson 1994). This estimate of opening size is prob- 
ably low because successful regeneration is often limited to 
only a portion of a given opening, and, over time, the size of 
the openings may change since they are also dynamic 
(Stephenson 1987). 

Giant sequoia seedling mortality is very high in the first 
few years (Harvey and Shellhammer 1980) after establish- 
ment. Given the high rate of mortality, the number of indi- 
viduals in the current century would have to be much greater 
for the population to be sustainable. This level of regenera- 
tion is not occurring in the majority of giant sequoia ecosys- 
tems. For example, giant sequoia reproduction has declined 
in Sequoia and Kings Canyon and Yosemite National Parks 
in the 20th century (Stephenson 1994). These areas have been 
under a policy of fire suppression until recently: 1968 for Se- 
quoia and Kings Canyon and 1972 for Yosemite. Some sites 
in this study were logged extensively at the turn of the cen- 
tury (Atwell grove). Approximately 44% of the giant sequoias 
inventoried in this study were established in the 19th cen- 
tury with another 12% established in the 18th century. This is 
in contrast to only 7% of the living sequoias becoming estab- 
lished in the 20th century (data from Stephenson, 1994). Data 
from this study clearly indicate that there is a problem with 
giant sequoia regeneration. 

Tree density has increased dramatically in many giant se- 
quoia groves in the last 100 years (Parsons and DeBenedetti 
1979). Removal of the high frequency disturbance regime has 
benefitted the shade tolerant species such as white fir and 
incense cedar over the shade intolerant species of ponderosa 
pine and giant sequoia. California black oak has also been 
effected by the decrease in pyrodiversity in the mixed conifer 
ecosystem. California black oak is adapted to fire by its abil- 
ity to resprout. Without disturbance, black oak can be over- 
grown by shade tolerant conifers and killed due to low light 
levels. 


Effects of disease 


Annosus root rot (Heterobasidion annosum), a fungus, may also 
be a major ecological threat to giant sequoia (Piirto 1994). The 
type S intersterility group infects giant sequoia, spruce, and 
fir. In greenhouse seedling inoculation studies, isolates of H. 
annosum collected from true fir and giant sequoia were ca- 
pable of causing pathogenesis on either species (Piirto et al. 
1992). The fungus causes both butt rot and tree mortality. 
The pathogen can become established through freshly cut 
stump surfaces by means of airborne spores. From infected 
stumps, the pathogen kills surrounding trees by infecting their 
roots from root contacts and graphs. In true fir, the pathogen 


does not need freshly cut stumps to become established. It is 
very common in pure stands of white fir in the Sierra Ne- 
vada. 

This pathogen can be transmitted through root contact and 
since the same intersterility group infects both white fir and 
giant sequoia, the groves may be much more vulnerable to 
this disease today than in the past. White fir is now very 
common in many giant sequoia groves, and it may provide a 
vector to transmit annosus root rot to old and young growth 
giant sequoia trees. Many other diseases associations are 
known to occur with giant sequoia (Piirto et al. 1984; Parmeter 
1987), but the significance, ecological role and influences of 
them are not well understood (Piirto et al. 1992). 

Sugar pine is an associate of the giant sequoia-mixed coni- 
fer ecosystem that is being selectively impacted by white pine 
blister rust (Cronartim ribicola), an introduced disease. White 
pine blister rust was introduced from Asia to a single point 
on Vancouver Island in the early 1900s and is now epidemic 
throughout the Sierra Nevada. Ribes species are the alternate 
hosts to white pine blister rust fungus, and at least nineteen 
different species grow in the mixed conifer forest (Kinloch 
and Scheuner 1990). Early attempts to eliminate white pine 
blister rust by eradication of Ribes were unsuccessful. 

Over 80% of the growing stock of sugar pine is located in 
the mixed conifer forest of the Sierra Nevada (USDA 1978). 
Sugar pine generally comprises 5—25% of the stocking in its 
native range (Kinloch and Scheuner 1990). The “common 
race” of white pine blister rust fails to infect or develop on 
sugar pine seedlings and saplings that have one (or perhaps 
more) dominant allele(s) at a resistance locus (“Rr”) (Libby 
and Millar 1989). The “R” alleles occur at low frequency (less 
than 1% to an apparent maximum near 14%, with 3-5% being 
common) in most sugar pine populations (Libby and Millar 
1989). A higher percentage of trees resistant to blister rust are 
found in the southern range of the sugar pine where giant 
sequoia is also most abundant. 

A different race of white pine blister rust was discovered 
in 1978 near the town of Happy Camp in northern California 
(Kinloch and Comstock 1980). This “race” of white pine blis- 
ter rust successfully attacks seedlings that have the “Rr” or 
“RR” genotype. Since it was discovered in 1978, the new race 
of blister rust has not migrated out of the area in which it was 
discovered (Kinloch and Dupper 1987). This has occurred 
with abundant stands of sugar pine and Ribes surrounding 
the new “race”. It is possible that this particular “race” is 
specifically adapted to infect major-gene-resistant sugar pine 
that were planted in the 1960s at Happy Camp (Kinloch and 
Dupper, 1987). Defense strategies must be general and should 
not focus just on the current races of rust or on the resistance 
genes now being found in sugar pine (Libby and Millar 1989). 

Data show that once a seedling reaches some maturation 
level the susceptibility to the common and new race of blister 
rust is reduced. Trees may become infected, but many are 
not killed by the rust (Kinloch and Dupper 1987). The genet- 
ics of the host resistance is not well understood, but it seems 
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likely to be associated with variability of several loci (Libby 
and Millar, 1989). 

This disease is presently reducing the density of sugar pine 
in the giant sequoia-mixed conifer ecosystem and has the 
potential of reducing biodiversity. 


Effects of air pollution 


Air pollution, specifically ozone concentration, can change 
physiological responses in giant sequoia seedlings (Miller et 
al. 1992). Container grown seedlings were exposed to char- 
coal filtered air, 1X and 1.5X ambient ozone concentrations 
for the entire summer season in Giant Forest, Sequoia Na- 
tional Park. Very slight levels of visible ozone injury to coty- 
ledons and primary leaves were observed at the 1X ozone 
concentration; however, at 1.5X ambient the symptoms of fo- 
liar injury were extensive (Miller et al. 1992). 

The end of season harvest of seedlings exposed to the 1.5X 
ambient treatment showed no significant reduction in root, 
shoot, or total plant weights. Gas exchange measurements 
showed that the 1.5X ambient treatment increased the light 
compensation point, lowered CO, exchange rate at light satu- 
ration, and increased dark respiration, compared to the con- 
trol (Miller et al. 1992). 

A two month branch-chamber fumigation of a 120 year- 
old giant sequoia with charcoal filtered air and ozone treat- 
ments at 1X, 2X, and 3X ambient did not yield visible injury 
or any detectable changes in photosynthetic rates (Miller et 
al. 1992), indicating that as giant sequoia ages, it becomes less 
susceptible to ozone foliar injury. 

Other mixed conifer forest species, specifically ponderosa 
pine and jeffrey pine, are much more susceptible to ozone 
injury than giant sequoia. These three-needled pines show 
foliar injury to the present levels of ozone in the southern 
Sierra Nevada (Peterson et al. 1987). This foliar injury to pines 
is linked to elevated ozone concentrations with photochemi- 
cal air pollution, and is characterized mainly by chlorotic 
mottle symptoms, leading to lower rates of photosynthesis 
and early loss of needles and, in extreme cases, by dimin- 
ished annual ring width (Peterson et al. 1987). Within stands, 
the dominant and codominant trees are less injured than 
smaller or suppressed trees which experience more competi- 
tion for light, water and nutrients. The region east of Fresno, 
particularly the Grant Grove and Giant Forest Grove region 
of Sequoia and Kings Canyon National Parks, has been shown 
to have the most severe ozone damage in the Sierra Nevada 
(Stolte et al. 1991). 

While adult giant sequoia are evidently unharmed by in- 
creased levels of ozone, seedlings can be. This could effect 
seedling survival and recruitment. Ponderosa pine and jeffrey 
pine are more susceptible to increased ozone concentrations, 
and this could influence the species composition of the giant 
sequoia-mixed confer forest through time. With fire suppres- 
sion favoring the establishment and growth of shade tolerant 
species such as white fir and incense cedar, the further reduc- 


tion in competitive ability of ponderosa pine and jeffrey pine 
due to ozone stress exacerbates the conversion to stands with 
more white fir and incense cedar (Miller 1996, SNEP report). 


Summary 


In summary, the giant sequoia ecosystems of the Sierra Ne- 
vada are in an ecologically vulnerable state, with the health 
of these systems far from optimal. Regeneration of giant se- 
quoia in the last century has been minimal and much below 
levels needed to maintain the historic demographic structure. 
This lack of regeneration is largely due to our fire suppres- 
sion policies, as giant sequoia is a shade intolerant species 
that requires a mineral seed bed, forest canopy openings, and 
adequate soil moisture for germination and establishment. 
In-growth of shade tolerant species has created poor condi- 
tions for juvenile giant sequoia. In addition, experimental 
work shows that increased ozone levels result in lower net 
photosynthesis of giant sequoia seedlings. Annosus root rot 
is a plant disease that may impact giant sequoia as well. 


THE HISTORY OF GIANT SEQUOIA 
GROVE MANAGEMENT 


In our review of the Mediated Settlement Agreement recom- 
mendations and directions, we saw the need to review giant 
sequoia grove management practices to inform adaptive man- 
agement and monitoring regimes for future ecosystem-based 
management. With this background information, an experi- 
mental protocol can be developed for the most appropriate 
management methods to ensure the long-term sustainability 
of the giant sequoia population and its composite groves. 
Agencies should solicit expert scientific feedback on various 
experimental management regimes (i.e., prescriptions) and 
establish common monitoring methods to enable the resto- 
ration of natural structure, function and process to giant se- 
quoia groves across their range through time. Better scientific 
information for the giant sequoia grove ecosystems is needed 
to inform management of this highly visible species of con- 
cern. 

The scientific literature on giant sequoia grove manage- 
ment presents largely the outcomes from (1) “hands-off” man- 
agement under fire suppression, or (2) the application of 
logging or (3) prescribed fire to the groves. The role of log- 
ging and fire have been largely evaluated separately. 

Agency and private owner management techniques have 
varied according to the goals set. All groves are subject to 
the consequences of indirect human impacts such as air pol- 
lution, regional loss of biodiversity, spread of exotic organ- 
isms, etc. 
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Early Management Systems and Impacts 
on the Groves 


The literature on Native American management of giant se- 
quoia groves suggests that human impacts to the groves were 
insignificant other than the largely indirect and occasionally 
direct use of fire as a management tool in the forest under- 
story. Native Americans used fire to clear the forest floor to 
promote the growth and regeneration of targeted species for 
food stuffs and basketry materials. Fires were intentionally 
set on a frequent basis in the foothill zone of the Sierra Ne- 
vada, and whether targeting the giant sequoia groves or not, 
probably burned through them, carrying upslope into the 
mixed conifer forest and occasionally into the upper mixed 
conifer-red fir dominated communities (K. Anderson 1993). 
In recent decades, a tribal group has also extracted timber 
from the giant sequoia groves they manage on the Tule In- 
dian Reservation, but their management goals do not center 
on the giant sequoia, but on the long-term sustainability of 
the grove ecosystem and in particular on the management of 
forest floor shrubs and herbs. 

The EuroAmerican invasion of the Sierra Nevada, largely 
in the latter half of the nineteenth century, resulted in mas- 
sive alteration of grove ecosystems by deliberate logging of 
trees, diversion and damming of streams, grazing transhu- 
mance, and construction of roads and facilities within giant 
sequoia groves or upslope of them. These early direct and 
indirect management activities altered giant sequoia ecosys- 
tem processes and forest structure. The early work of den- 
drologist George Sudworth (1900) gives sound documentation 
of the impact of 50 years of EuroAmerican management on 
some of the southern Sierra Nevada giant sequoia groves. 

Sudworth performed a tree inventory of select groves 
within the giant sequoia-mixed conifer ecosystems of the 
southern Sierra Nevada at the turn of the century (1898-1901 
AD). Sudworth sampled standardized plots, and in many 
cases after he recoreded tree species and diameter breast 
height, he also recorded notes on tree regeneration within his 
plots and noted impacts from human use. The following notes 
are from his original field note books in mixed conifer and 
giant sequoia-mixed conifer (six groves) ecosystems of the 
southern Sierra Nevada: 


¢ September, 1900. “Westside of north fork of Kings river, 
one half way up slope. No reproduction, sheep grazed till 
2 years ago and burned over.” 


* September, 1900. “Bubs creek near Charlotte creek mouth 
(tributary of Kings river), an exceptionally dense stand. 
No reproduction, complete shade, fire marks .” 


¢ September, 1900. “ Near sugar pine mill. Area cut, no re- 
production, all timber sound but fire marked.” 


¢ September, 1900. “1 mile west of sugar pine sawmill. In 
rich sandy loam, abundant reproduction, .5—4 ft of all spe- 
cies. All timber severely fire marked at collar.” 


* October, 1900. “ Headwater of Chiquita creek; typical of 
this area down to the middle fork of the San Joaquin river. 
60 concolor seedlings 3-6 ft high. No humans, sheep and 
cattle grazing of long standing.” 


* October, 1901. “Heavy shade, no reproduction, humans, 
8-10, steep, rocky loam soil, east slope.” 


Sudworth’s notes indicate there were significant impacts 
on these ecosystems at the turn of the century. He noted re- 
cent evidence of fire in the majority of the plots, and that these 
fires were probably ignited by sheepherders to increase for- 
age for their livestock. These fires coupled with sheep brows- 
ing probably reduced regeneration in these grove ecosystems. 
In one plot, he noted that regeneration of all tree species was 
present and in another, only white fir regeneration was found. 
This indicates that the impacts of browsing and burning were 
not uniform throughout the entire region. 

Sudworth also stated that excessive sheep browsing in ri- 
parian areas was affecting the hydrology of the giant sequoia 
groves. He believed springs and perennial streams were be- 
ing affected by excessive sheep browsing and this resulted in 
more xeric conditions. 

One note in his field book suggests that he may have been 
measuring stands that were dominated by large trees. One 
of the plots was “an exceptionally dense stand”. Earlier 
Sudworth noted his plots were “representative” of the forest, 
but there is some suggestion that he may have biased his 
samples to include areas dominated by very large trees. 

In 1900, an early report on giant sequoia groves indicated 
only 10 groves of giant sequoia were known to exist in the 
Sierra Nevada (Perkins 1900), and Sudworth had visited six 
of these. Only a few of the groves were in government own- 
ership at this time and logging was a major threat to the groves 
(Perkins 1900). Sequoia and General Grant National Parks 
which were created to conserve giant sequoia each had an 
operating sawmill near them at the turn of the century. A 
total of 1,172 ac were privately held inside these parks, and 
the majority of the other groves were in private ownership 
by people who had every right, and in many cases every in- 
tention, to cut them into lumber (Perkins 1900). 

Most early logging operations in giant sequoia wasted a 
great deal of wood. When the trees were felled the trunk and 
upper extremities frequently broke into almost useless frag- 
ments (Perkins 1900). If the tree did not break apart at im- 
pact, gunpowder was used to blast the trunk apart into pieces 
that could be handled by the field crews. This waste coupled 
with the waste that also occurred at the mill resulted in less 
than half of the standing volume of each giant sequoia har- 
vested being converted into wood products (Perkins 1900). 

Slash produced by early logging operations in the giant 
sequoia /mixed conifer ecosystems was enormous. It was fre- 
quently 5 or 6 ft thick and was thought at the time to be a 
certain source of future fires (Perkins 1900). Early logging 
operations certainly contributed to large, intense fires because 
of the increase in surface fuel load and increased ignitions 
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from field crews. Forest operations that do not treat the re- 
sulting slash will result in fuel conditions that are more se- 
vere than before the system was treated. 

It is thus evident that many giant sequoia/mixed conifer 
ecosystems were impacted by livestock, fire, and logging at 
the turn of the century. Some groves such as Converse Basin 
were almost completely clear-cut at this time. Sheep brows- 
ing was also intense in these ecosystems at this time and fires 
were frequently ignited by the herders to increase forage pro- 
duction. The combination of sheep browsing and herder ig- 
nited fires probably reduced regeneration in these ecosystems. 


Current Management Systems 


Timber Management: Logging in Giant Sequoia Groves 


Many of the giant sequoia groves of the Sierra Nevada have 
been altered by past logging. This report summarizes the log- 
ging history and timber management of the groves for vari- 
ous time periods (tables 5-12). Information in this report was 
obtained through a survey of the land owners and land man- 
agement agencies that currently manage the groves. Infor- 
mation was not obtained from Balch Park (the Tulare County 
park within the State’s Mountain Home Demonstration State 
Forest), the private land owner of part of the large Dillonwood 
Grove, and the Tule River Indian Reservation (Parker Peak 
and North Cold Groves), because these landowners chose not 
to provide these data. 

Logging has occurred in many different giant sequoia 
groves. The majority of harvests of large giant sequoias oc- 
curred before 1900. Recent logging has concentrated on the 
species of white woods found in the mixed conifer-giant se- 
quoia ecosystem. Over half of the giant sequoia groves in the 
Sierra Nevada have never been logged: forty-one of seventy- 
three (56%), plus four more (cumulative total 62%) with only 
incidential tree removal due to road construction. 

Mountain Home Demonstration State Forest is the only 
agency that continues to have an active timber harvest pro- 
gram in the giant sequoia-mixed conifer ecosystem. Moun- 
tain Home has used uneven-aged silvicultural methods and 
prescribed fire since the land was acquired (and already 
heavily logged over) in 1946. 

The diversity of logging practices through time in the gi- 
ant sequoia groves has resulted in diverse forest structures. 
As such, a common management prescription will not be ap- 
propriate for all groves, with the groves currently in various 
states or conditions. 


Prescribed Burning, Biomassing, 
and Fuel Wood Treatments 


Information has been collected on the average number of acres 
treated with prescribed fire, biomassing, and fuel wood treat- 
ments for the National Parks and National Forests of the cen- 
tral and southern Sierra Nevada. These data were not 
restricted to giant sequoia groves. Information has also been 
obtained on how many project-related National Environmen- 


TABLE 5 


Fourteen groves were logged before the turn of the century 
(ca. 1900). Many of these groves or portions of the groves 
were clear-cut. 


Atwell SAWMILL OPEN 1870s; MAJOR CUT 
1890s 

Big Stump CLEAR-CUT, LATE 1880s 

Grant CENTENNIAL STUMP (1876) ONLY 


Start 1870, more w/road 1885 
1874 start, 1879-92 RW* removal 


Mountain Home 
Nelder Grove 


Whitaker’s Forest RW and WW* around 220 monarchs 
1875-78 

Abbott Heavy, RW/WW’, all acres 

Big Stump USFS Heavy, RW/WW, 485 acres 

Cherry Gap Heavy, RW/WW, 190 acres 
Converse Basin Heavy, RW/WW, 1500 acres 
Dillonwood Heavy, RW/WW, 500 acres? 

Grant USFS Heavy, RW/WW, 130 acres 


Mountain Home USFS 
Redwood Mountain USFS 


Heavy, RW/WW, 500 acres? 
Heavy, RW/WW, 1000 acres? 


*Note: RW = giant sequoia; WW = white woods, includes white fir, incense 
cedar, sugar pine, and ponderosa pine. 


TABLE 6 


Eighteen groves were logged from 1901-50. Both clear-cut 
and partial cutting was reported during this time period,with 
both giant sequoias and white woods were logged. 


Alder Creek Light, WW and RW’%, 400 acres 

Atwell LIMITED CLEANUP LOGGING through 
1930S 

Belknap Complex light, WW,100 acres? 


Black Mountain 
Case Mountain 


Light, RW/WW (priv),100 acres? 
began in 1940’s including many large 
sequoias 


Converse Basin Heavy, RW/WW, 1500 acres 


Deer Creek Light, WW, 144 acres 

Dillonwood Heavy, RW/WW 

Evans Complex Heavy, RW/WW, 1000 acres? 

Indian Basin Heavy, RW/WW, 449 acres 

Lost HIGHWAY CUT THROUGH GROVE 1932 
McKinley Grove Possibly some logging when building 


McKinley Grove Road 

1940s RW logged again 

Heavy, RW/WW, 100 acres? 

shingle mill, cut down RW 

1930s SELECT CUT AT BARTONS POST 
CAMP 

Light, WW, 100 acres 

Light, WW, 20 acres? 

1946 2.2 MMBF WW 


Mountain Home 
Mountain Home USFS 
Nelder Grove 
Redwood Mountain 


Redwood Mountain USFS 
Starvation Complex 
Whitaker’s Forest 


*Note: RW = giant sequoia; WW = white woods, includes white fir, incense 
cedar, sugar pine, and ponderosa pine. 


TABLE 7 


Six groves were logged from 1950-60. All groves are re- 
ported to be lightly logged except the Dillonwood grove. 
Both giant sequoia and white woods were logged. 


Black Mountain 

Case Mountain 
Converse Basin 
Dillonwood 

Mountain Home 
Mountain Home USFS 
Red Hill 


Light, RW/WW* (priv),100 acres? 
Continued into mid 1950s 

Light, WW, 100 acres 

Heavy, RW/WW 

WW, 1.75 MMBF 

Light, WW 

Light, WW, 100 acres? 


*Note: RW = giant sequoia; WW = white woods, includes white fir, incense 
cedar, sugar pine, and ponderosa pine. 
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TABLE 8 


TABLE 10 


Nine groves were logged from 1960-1970. Most logging 
was reported to be light except in the Black Mountain, Long 
Meadow, and Mountain Home (CDF) groves. Only white 
woods were logged during this decade. 


Belknap Complex 
Black Mountain 
Freeman Creek 


light, WW*,100 acres? 
heavy, WW,100 acres? 
light, WW,100 acres? 


Grant USFS light, WW, 100 acres? 

Indian Basin light, WW, 100 acres 

Long Meadow heavy, WW, 20 acres 

McKinley Grove dropped 2 dead white fir / were not 
salvaged 

Mountain Home summary WW, 2.88 MMBF 

Mountain Home USFS light, WW 


Red Hill light, WW, 100 acres? 


*Note: WW = white woods, includes white fir, incense cedar, sugar pine, and 
ponderosa pine. 


TABLE 9 


Thirteen groves were logged from 1980-90, with the major- 
ity of trees cut white woods but some giant sequoia cut in 
Converse Basin and Dillonwood groves. Heavy logging 
reported in Bearskin, Black Mountain, Converse Basin, 
Freeman Creek, Long Meadow, Peyrone and Redwood 
Mountain. 


Alder Creek 
Bearskin 

Belknap Complex 
Black Mountain 
Converse Basin 
Dillonwood 
Freeman Creek 
Long Meadow 
McKinley Grove 


Light WW, 200 acres 

Heavy, WW, 20 acres 

Light, WW salvage, 50 acres? 

Heavy, WW,150 acres? 

Heavy, RW/WW, 100 acres? 

Light, RW/WW (priv), unknown acres 

Heavy, WW, 100 acres? within WS 

Heavy, WW, 200 acres 

Logging occurred in grove in 1984 as part 
of Muley Sale 

Summary WW, 1.3 MMBF 

Light, WW, 100 acres? 

Heavy, WW, 100 acres 

Moderate, WW, 200 acres? 

Heavy, WW, 60 acres 


Mountain Home 

Mountain Home USFS 
Peyrone 

Red Hill 

Redwood Mountain USFS 


Thirteen groves were logged from 1970-80. Only white 
woods are reported logged during this decade. Logging 
reported to be light except for the Mountain Home, Black 
Mountain, Evans Complex, Landslide and Starvation Com- 
plex groves. 


Alder Creek 
Belknap Complex 
Black Mountain 
Converse Basin 
Evans Complex 


Light, WW*, 100 acres 

Llight, WW salvage,100 acres? 
Heavy, WW,100 acres? 

Light, WW, 100 acres? 

Heavy, WW, 300 acres? 


Indian Basin Light, WW, 100 acres 

Landslide Heavy, WW, 10 acres? 

Mariposa White fir 1971 

Mckinley Grove Area logged surrounding the grove up to 


watershed boundary 
Summary WW, 1.75 MMBF 
Light, WW 
Light, WW, 50 acres? 
Heavy, WW, 10 acres 
50MBF 


Mountain Home 
Mountain Home USFS 
Packsaddle 

Starvation Complex 
Whitaker’s Forest 


*Note: WW = white woods, includes white fir, incense cedar, sugar pine, and 
ponderosa pine. 


tal Protection Act (NEPA) documented acres are in the Na- 
tional Forests land management plans. The people listed here 
provided specific information on their respective programs: 
Gary Cones (Stanislaus National Forest), Louise Larson and 
Dave McCandliss (Sierra National Forest), Scott Williams (Se- 
quoia and Kings Canyon National Parks), Ed Duncan 
(Yosemite National Park), and Aaron Gelobter (Sequoia Na- 
tional Forest). 

The information listed below will not capture all of the 
variables associated with these complex treatment programs, 
but is intended to assess the current status of treatment pro- 
grams in the forests of the southern Sierra Nevada. In refer- 
ence to prescribed burns, it is important to remember that 
costs of individual burns can vary greatly based on their ob- 
jectives and constraints, and therefore, information on the 
specific type of burn is included here with the associated cost 
information whenever possible. 


*Note: RW = giant sequoia; WW = white woods, includes white fir, incense 
cedar, sugar pine, and ponderosa pine. 


National Parks—Yosemite National Park began a manage- 
ment-ignited prescribed burning program in 1970 and a pre- 
scribed natural fire program in 1972. From 1970-94, park staff 
ignited 130 prescribed burns. Prescribed burn unit size has 
varied between 4—6,000 ac for an average of 1,320 ac burned 
per year. Costs of prescribed burning have varied greatly 
depending on specific burn objectives and associated con- 
straints. The average cost per acre from 1982-88 for manage- 
ment-ignited prescribed fires is reported to be $19.00 per acre. 

From 1972-94 Yosemite managed 469 prescribed natural 
fires. More than half of these fires were less than 0.25 ac. Five 
percent of these fires grew over 1,000 ac which accounted for 
approximately 60% of the area burned. The average cost per 
acre from 1982-88 for prescribed natural fires was $23.00 per 
acre, slightly higher than the per acre cost for management- 
ignited prescribed fires. Costs are again variable. In the fall 
of 1993, 900 ac were burned ina remote area of the park in 1.5 
hours using aerial ignition for a total cost of $0.23 per acre. 
Prescribed burns conducted in areas with significant natural 
resources can cost up to $300 per acre. 

For Sequoia and Kings Canyon National Parks, calculation 
of prescribed burning costs is now done to include all costs to 
the taxpayer for the planning, preparation, execution and 
evaluation of management ignited prescribed fires. In 1992, 
1104 ac were burned in the giant sequoia-mixed conifer eco- 
system her for a total cost of $22 per acre, before an escape 
occurred that cost $700,000 to suppress. In 1993, a much 
smaller unit (33 ac) was burned in the giant sequoia-mixed 
conifer ecosystem for $356 per acre. Also in 1993, 75 ac were 
burned in the Grant Grove for an average cost of $189 per 
acre. Costs vary a great deal depending on the size of the 
unit and constraints. 

The cost of burning relatively small units in the giant se- 
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TABLE 11 


Seven groves are currently being logged. Most of the grove 
managers report that only light logging is occurring. 


Alder Creek 

Belknap Complex 

Black Mountain 

Dillonwood 

Mountain Home CDF response 
Mountain Home USFS response 
Silver Creek 


Light on private land, WW%*, 100 acres 

Light, WW salvage, 50 acres? 

Light, WW (res), unknown acres 

Light, WW (priv), unknown acres 

Summary 91-94, WW, 1.03 MMBF 

Light, MHSF, ? 

Limited harvesting occurred on the 
fringes of grove 


Whitaker’s Forest 15MBF/YR 


*Note: RW = giant sequoia; WW = white woods, includes white fir, 
incensecedar, sugar pine, and ponderosa pine. 


TABLE 12 


Plans exist for logging four groves into the future. Mountain 
Home (CDF) is the only grove that reports that significant 
logging will occur in the future. 


Alder Creek 

Black Mountain 
Mountain Home 
Mountain Home USFS 
Whitaker’s Forest 


Light on private land, WW, unknown acres 
Light, WW (res), unknown acres 

3 MMBF biennially 

Light, MHSF, ? 

changing 


*Note: WW = white woods, includes white fir, incense cedar, sugar pine, and 
ponderosa pine. 


quoia-mixed conifer ecosystem is approximately equal in 
Yosemite and Sequoia and Kings Canyon National Parks. The 
cost of burning larger units in either park are also very simi- 
lar if suppression is not required. 

National Forests—The Stanislaus National Forest treats more 
acres with fuel reduction treatments that any other National 
Forest or National Park in the Sierra Nevada. From 1984- 
1994, 18,300 ac were treated with management-ignited pre- 
scribed fires. The area treated varied from 300-10,000 ac per 
year. Currently the forest has 30,000 ac under NEPA docu- 
mentation, and has come very close to the achieving the ob- 
jectives in the forest land management plan. Cost of the 
prescribed fires in the mixed conifer ecosystem has varied 
from $15—269 per acre, with an average cost of $35—-40 per 
acre. Unit size has varied between 25-2,500 ac, with an aver- 
age size of 300 ac. 

The Stanislaus National Forest also has an active biomass 
program that has treated 1,000-3,000 ac per year, with an av- 
erage of 2,000 ac treated. This program has removed an aver- 
age of 8-10 MMBF per year. The biomass program is expected 
to increase in the future. Constraints might be the cost of 
preparing units (e.g., layout and marking and congeration 
plant economics). Designation by description of the types of 
trees to be removed instead of individual tree marking might 
solve the layout and marking problem. Furthermore, the 
Stanislaus National Forest has an active fuel wood program 
with 5.8-6.2 MMBF removed annually. The size of the area 
treated with the fuel wood program is approximately 5,000 
ac per year. 


The forest will continue to use a combination of understory 
thinning and prescribed burning to reduce forest fuel loads. 
The forest has identified losses from intense wildfires as its 
number one priority in landscape planning efforts. Support 
from line officers and staff has helped to remove many barri- 
ers encountered in this program. Recent large wildfires in 
this area have also helped to convince local residents of the 
importance of fuel reduction programs. 

The Sierra National Forest is currently not using prescribed 
under-burning in the giant sequoia groves. Small white 
woods were removed on 27 acres of the McKinley Grove in 
the mid-1980s as a fuels reduction effort. Approximately half 
of the slash produced from this operation was hand piled and 
burned for a cost of $600 per acre. The slash was lopped and 
scattered in the other half of the unit for an average cost of 
$100 per acre. Average cost of under-burning here in the 
mixed conifer ecosystem is $85 per acre. In the giant sequoia 
groves, excessive fuels will require pre-treatments before pre- 
scribed burning can be used. In some areas of the Nelder 
Grove, fuel loads of 100 tons per acre have been found. Pos- 
sible pre-treatments include hand piling at a cost of $300 per 
acre, feller buncher at $380 per acre, and mastication at $280 
per acre. 

Most prescribed fires conducted recently in the mixed co- 
nifer ecosystems on the Sierra National Forest were less than 
40 ac, with an average size of approximately 15 ac. Currently, 
the Forest is planning to under-burn much larger units of 500- 
1,000 ac with an average size of 600 ac. It is estimated to cost 
between $40-100 per acre to burn these larger units, and no 
giant sequoia groves are included in these projected burns. 
The forest currently has 4,000 acres of under-burning in the 
mixed conifer ecosystem (no giant sequoia) under NEPA docu- 
mentation, and is currently working on adding an additional 
5,000 acres of mixed conifer (again, without giant sequoia). 

The Sierra National Forest currently does not have a biom- 
ass program. The three to four local co-generation plants that 
were in the local market were recently bought by PG&E and 
closed down. Some problems encountered in the past with 
this operation included chip vans that were too big to negoti- 
ate forest roads and steep grades. The forest would like to 
have an active biomass program, but the marginal economics 
of co-generation plants may not make this possible. The for- 
est has a fuel wood program and 6,000 permits are sold an- 
nually. Each permit removes approximately 2 cords of wood, 
but this operation has had a negligible effect in reducing for- 
est fuel loads. 

The Sierra National Forest staff believe that combinations 
of silvicultural treatments with prescribed fire will be the best 
approach to reduction of fuel loads in the giant sequoia-mixed 
conifer ecosystems. Treatments such as thinning from below 
and commercial thinning can be done and followed by pre- 
scribed burning to reduce fuel loads. An adaptive manage- 
ment plan is currently being developed for the Kings River 
Ranger District that will use small group selection units and 
under-burning to reduce forest fuel loads. 
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In the Sequoia National Forest, prescribed under-burning 
is currently not being used in the giant sequoia groves. The 
largest constraint to prescribed burning at the present time is 
the MSA (1990), which requires the completion of grove map- 
ping, grove fuel inventories, and grove specific managment 
plans subject to NEPA evaluation for each grove before pre- 
scribed burning or any other management actions are under- 
taken. In the past, it has cost between $229-350 per acre to 
burn in the giant sequoia-mixed conifer ecosystem here. The 
size of unit treated has varied from 3-40 ac. 

Currently the Sequoia National Forest does not have a bio- 
mass program. There is no co-generation plant located within 
an economically feasible distance to the Forest. The Forest 
does have a fuel wood program that is harvesting 2,900 MBF 
annually on approximately 1,000 ac. The Forest would like 
to use a combination of under-burning followed by harvest- 
ing of dead or dying trees to reduce fuel loads in the giant 
sequoia groves. 

Summary—tThe three national forests in the central and 
southern Sierra Nevada use different methods in fuels man- 
agement for the giant sequoia-mixed conifer and mixed coni- 
fer ecosystems. The Stanislaus National Forest is treating the 
largest number of acres and the Sequoia National Forest is 
treating the least. Constraints from the MSA (Sequoia Na- 
tional Forest 1990) have limited the number of acres treated 
in the Sequoia and Sierra National Forests. Direction from 
the Regional Forester in his memo of June 19, 1992 gives the 
three national forests with giant sequoia groves (the Tahoe, 
Sierra and Sequoia National Forests) the primary manage- 
ment objective of the MSA (1990) for the groves: protect, pre- 
serve and restore the groves for the benefit and enjoyment of 
future generations. Furthermore, the policy that is set forth 
is that the groves will be protected as natural areas, be buff- 
ered, be withdrawn from the sustained (regulated) timber 
production land base and from other forms of consumptive 
entry. In addition, through a Presidential Proclamation by 
George Bush on July 14, 1992 , the direction provided by the 
Regional Forester was further endorsed. 


IMPLICATIONS OF THE MEDIATED 
SETTLEMENT AGREEMENT FOR 
SEQUOIA NATIONAL FOREST ON 
GIANT SEQUOIA GROVE STATUS AND 
MANAGEMENT 


Following the charge given to the SNEP to evaluate the Me- 
diated Settlement Agreement for Sequoia National Forest 
(MSA), Section B, Sequoia Groves (Sequoia National Forest, 
1990), and make “recommendations” for scientifically-based 
mapping and management of giant sequoia groves and those 
additional lands, if any, needed to ensure the long-term health 
and survival of giant sequoia ecosystems, we undertake an 


evaluation here of the management practices and adminis- 
trative actions which pre-dated and initiated the mediation 
efforts, and comment on Sequoia National Forest’s recent 
management practices and administrative actions as related 
to the MSA to date. We note here that many other parts of the 
MSA are relevant to the discussion of management of giant 
sequoia ecosystems. A series of potential future directions 
for grove management are also presented. 

The SNEP team made a number of assumptions in con- 
ducting our evaluation of the MSA: 


1. giant sequoia were pivotal (e.g., central) in the MSA 
negotations; 


2. the MSA is in place; it cannot be changed without signa- 
tures of all parties, which functionally means that it is ex- 
tremely difficult to change it; it is not a perfect document 
from an ecosystem management perspective, which is rec- 
ognized by many parties to it; 


3. the workgroup wishes to solicit public input and infor- 
mation exchange as part of our evaluation, even though 
the overall SNEP is not a NEPA process and will not pro- 
duce a preferred alternative; 


4. the Sequoia National Forest is interested in implementing 
ecosystem management; 


5. for much of the public, the MSA did not solve the giant 
sequoia issue; 


6. no single “correct” management regime to preserve, pro- 
tect and restore giant sequoia groves is likely to be deter- 
mined or necessary; 


7. giant sequoia groves outside of Sequoia National Forest 
need to be incorporated into planning and ecosystem man- 
agement processes; interagency and multi-owner (includ- 
ing private ownership) support of grove adaptive 
management (including restoration and protection) would 
be beneficial; private property rights should be respected 
and protected in this process; and 


8. the focus of the SNEP effort is on naturally occurring popu- 
lations of giant sequoia, not on plantations (even if these 
are within the species natural range); Sequoia NF and other 
forests may wish to evaluate plantations and their man- 
agement later or as a part of the SNEP silvicultural evalu- 
ation. 


Background 


The MSA (Sequoia National Forest 1990) is the result of a re- 
sponse by the Sequoia National Forest to address public com- 
plaints, objections to the 1988 Forest Land Management Plan 
(LMP) for Sequoia National Forest and its accompanying EIS, 
and litigation. The U.S. Forest Service had not entered into a 
mediation settlement agreement such as this in the past prior 
to revising an EIS/LMP. As such, the MSA is really a test of 
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how successful or unsuccessful mediation is in resolving for- 
est issues and regaining the trust of commodity industries, 
environmental organizations, and the public. 

Several significant actions led to decision by the Forest to 
pursue mediation. In February 1988, the Regional Forester 
adopted the LMP for Sequoia National Forest, basing his de- 
cision on the final Environmental Impact Statement (EIS) and 
explaining this in a Record of Decision (ROD) (Sequoia Na- 
tional Forest 1990). Numerous appellants challenged the LMP 
and the EIS (United Four Wheel Drive Association, Sierra Club 
et al., Scenic Shoreline Preservation Conference, Inc., Save- 
the-Redwoods League, Tule River Indian Tribe, California 
Native Plant Society, American Motorcyclist Association, Dis- 
trict 37, Sierra Forest Products et al., Phantom Duck Club, 
California Association of 4WD Clubs, California Off-Road 
Vehicle Association, California Attorney General for the 
People, High Desert Multiple-Use Coalition), and the Forest 
responded to these challenges. At the same time, the Forest 
entered into an agreement with the California Department of 
Fish and Game to settle its appeal (No. 2403; see Sequoia 
National Forest 1990). 

On the basis of the numerous challenges to the LMP, then 
Forest Supervisor James Crates decided to seek the help of a 
professional mediator to see whether the Forest and appel- 
lants should attempt to negotiate a mediation settlement. The 
Forest Service and the appellants chose to begin the media- 
tion process, with negotiation conducted at numerous meet- 
ings between March 1989 and June 1990, with extensive 
research done between the meetings. It was obvious during 
this process that Forest data was lacking that was needed to 
address many of the issues of concern, validate the LMP, and 
refine it over time (Sequoia National Forest 1990). 

The parties to this mediation agreed to settle their appeals 
by “(1) presently disposing of some issues on merits, and (2) 
setting up processes for developing needed information, 
monitoring Plan implementation, and addressing other issues 
over time “ (Sequoia National Forest 1990, page 3). It is im- 
portant to note as stated in the MSA that the parties entered 
into the agreement “pursuant to compromise because of the 
unique factual circumstances in the Sequoia National Forest 
and in settlement of disputed claims to avoid prolonged and 
complicated litigation and to further public interest” (Sequoia 
National Forest 1990, page 3). It is also important to realize 
that the MSA terminates when the LMP is revised. 

The MSA is largely a document which presents a series of 
new procedures for the Forest to follow as it begins to collect 
more extensive inventories and monitoring of various ele- 
ments of the Forest’s ecosystem. Human resources and sup- 
port dollars are needed to conduct these various tasks, and 
with declining resources, loss of staff through an early retire- 
ment incentive program, and through transfers, the Forest 
even though it brought in a new Forest Supervisor, Sandra H. 
Key, found itself limited in what it could accomplish on the 
ground, as dictated in the MSA. Former Forest Supervior 
Crates signed the MSA, retired, and left the new Forest Su- 


pervisor Key with implementing it. Key has now left and is 
replaced by yet another Forest Supervisor during this eight 
year period between issuance of the LMP and the publication 
of the SNEP report. Six years have now passed since the MSA 
was signed. 

At the time of signature of the MSA in 1990, the goal of the 
Forest Service was to finalize an amendment incorporating 
the MSA into the LMP, again go through the NEPA process, 
prepare the amendments and an EIS, and complete this pro- 
cess in two years (Sequoia National Forest 1990, page 4). This 
has not occurred, as discussed below, due to fiscal reductions, 
loss of personnel and other constraints. The MSA did allow 
for a process whereby if the Forest could not complete cer- 
tain tasks by specified dates, the Forest was to notify all par- 
ties. It was recognized that “events arising from causes 
beyond the reasonable control of the Forest Service may pre- 
clude the Forest Service from completing the specified task 
by the specified deadline” (Sequoia National Forest 1990, page 
4). This failure to complete could be challenged in court. 
Further litigation was not recluded. 

There are numerous references in the MSA to specific 
groves and their management. However, the overall goal is 
to “protect, preserve and restore the Groves for the benefit 
and enjoyment of present and future generations”, recogniz- 
ing that “Giant Sequoia Groves in Sequoia National Forest 
(“Groves”) are a unique national treasure...” (Sequoia National 
Forest 1990, page 6). The Converse Basin grove is treated dif- 
ferently than any other grove due to its long history of log- 
ging, and the MSA states that “With the exception of 
designated areas to be preserved, this area of the Forest will 
continue to be available for commercial logging” (Sequoia 
National Forest 1990, page 6). It is important to note in this 
agreement that the groves and a buffer zone around them were 
removed from the timber base (i.e., restricted from logging) 
until various conditions are met. A directive issued by then 
Regional Forester (Ronald E. Stewart) on June 19,1992 (2470 
Silvicultural Practices) put the giant sequoia groves on the 
other Region 5 forests (Tahoe National Forest, Sierra National 
Forest) under the same policy and management direction. 
This was further endorsed through a Presidential Proclama- 
tion issued July 14, 1992 by George Bush on Giant Sequoia in 
National Forests. 

In reference to grove management, the MSA charged the 
Forest with the inventory of all giant sequoias over 3 ft dbh 
by size and approximate location, with the inventory and 
evaluation of each grove for fuel accumulation, and with 
prioritization of the groves for fuels reduction. No dates were 
set nor implied for completion of these processes. Further- 
more, the Forest was prohibited from any new road construc- 
tion, logging or mechanical/motorized entry (Sequoia 
National Forest 1990, page 10). The only logging activity 
permited is “logging conducted for the limited and specific 
purpose of reducing the fuel load in the Groves pursuant to a 
Grove specific fuel load reduction plan and Grove specific 
EIS” (Sequoia National Forest 1990, page 10). Methods used 
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to remove specific trees as part of an adopted fuel reduction 
plan are to be the most environmentally sensitive techniques 
available (Sequoia National Forest 1990, page 10). All “old- 
growth pine, fir, incense cedar and black oak components of 
the stand” and old-growth giant sequoia are to be protected 
during any such operations (Sequoia National Forest 1990, 
page 10). 

Definition of the groves, the grove influence zone, posting 
of the grove administrative boundaries, and grove specific 
standards have been described previously in the section titled 
Mapping of Giant Sequoia Groves and GIS Compilation. 

Regeneration of cut-over groves is also addressed in the 
MSA, as one of the goals of the MSA is restoration of the 
groves. The primary objective here is to “restore these areas, 
as nearly as possible, to the former natural forest condition” 
(Sequoia National Forest 1990, page 27). To aid this objec- 
tive, “Research projects may be permitted if consistent with 
this Agreement... and are subject to NEPA” (Sequoia National 
Forest 1990, page 28). 

When the MSA was signed in June 1990, it established some 
very clear direction for future managment of the giant sequoia 
groves of Sequoia National Forest. Clearly, the MSA is an 
agreement of compromise, and only an interim agreement on 
future Forest management, but the mediation process put the 
Forest up-front to further work with the public and address 
all their concerns. It is anticipated that extensive public-in- 
put and consensus building will need to occur before any 
grove adaptive management activities are undertaken. Thus, 
the “people skills” are just important as the “scientific account- 
ability” of the Forest staff. Supervisor Key brought a back- 
ground in ecology and very strong people skills to the Forest, 
and furthermore organized her staff and management team 
to move forward. 

The following individuals were signatories for their respec- 
tive organizations to the MSA: 


1. Ken Alex, People of the State of California, Ex. Rel, At- 
torney General 


2. Louis Blumberg, The Wilderness Society 
3. Carla Cloer, Sierra Club, Kern/Kaweah Chapter 


4. Jerry Counts, American Motorcycle Association District 
#37 


5. Glenn H. Duysen, Sierra Forest Products (Kent Duysen 
current contact) 


6. David Edelson, National Resources Defense Council 


7. Bruce Hafenfeld, Hafenfeld Ranch and California 
Cattlemen’s Association 


8. Michael E, Haglund, Haglund & Kirtley, Attorneys for 
Sierra Forest Products and Sequoia Forest Industries 


9. Nicola Larson, Tule River Indian Council (Irma Hunter 
current contact) 


10. Bradless S. Welton and John B. DeWitt, Save-the-Red- 
woods League (Robert Jasperson current contact) 


11. Brett Matzke, California Trout, Inc. and Kaweah 
Flyfishers 


12. Julie E.McDonald, Sierra Club Legal Defense Fund 


13. Suzanne Schettler, California Native Plant Society (Erin 
Noel current contact) 


14. Tim Ryan, Phantom Duck Club 
15. Ron Schiller, High Desert Multiple-Use Coalition 


16. Patrice Davison, California Association of Four Wheel 
Drive Clubs (Gene Struebing current contact) 


17. James H. Anthony, Sequoia Forest Industries (Steve 
Worthly current contact) 


18. Lee J. Chauvet, California Department of Parks and Rec- 
reation (Clark Woy current contact) 


19. Paul F. Barker, Region 5, U.S. Forest Service 


Advisory Signature: James A. Crates, Sequoia National Forest. 


Members of this group, some of which have been replaced 
within their organizations, now work a committee known as 
the Multiple Use Liasion Committee (“MULC”). This com- 
mittee calls an annual meeting to discuss with the Forest any 
issues of concern. 


Evaluation of the MSA Process and 
Outcome: Meetings and Questionaires 


Evaluation of the MSA has been undertaken using both a his- 
torical and hierarchical approach. After carefully examining 
the MSA document, the SNEP team arranged a series of meet- 
ings with staff from the Sequoia National Forest, Region 5 
USS. Forest Service, other forests and parks, the National Bio- 
logical Survey, the MSA signatories, members of special in- 
terest groups on all sides of the issues, independent scientists, 
and the general public. These meetings were held between 
January 1994 and March 1995. In addition to receiving infor- 
mation orally from the participants at these various meetings, 
the workgroup had numerous phone conversations and e- 
mail/mail exchanges with various persons. The worksgroup 
solicited further information using a structured survey ques- 
tionnaire, and made visits to Forest and Park offices to collect 
unpublished data. Every effort was made to compile a com- 
prehensive data set under the time and budgetary constraints 
imposed by the SNEP process. Digital databases and a GIS 
were compiled and will be made public upon completion of 
SNEP. Much of this data is included here in an abbreviated 
form in the appendices to this report. 
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Questionnaire to and meetings 
with the MSA signatories and MULC 


Here, the SNEP team sought to determine the various par- 
ticipants reactions to the MSA process and the resultant agree- 
ment. We asked those involved in the mediation process to 
make suggestions about future actions under the MSA and 
pending amendment/revision of the LMP. We also asked for 
opinions on ecosystem management under the new U.S. For- 
est Service Region 5 draft guidelines. 

Following brief conversations with a number of MSA sig- 
natories and their current affiliates, as well as Forest Service 
staff, we compiled a questionnarie to solicit further responses. 
Questions were drafted and sent to members of the 
workgroup and the Sequoia National Forest staff for comment 
in early December 1994, and revisions were then made to the 
questionnaire. We asked open-ended questions in ways to 
allow the widest possible responses to solicit open and un- 
constrained answers. A cover letter and a copy of our 
workplan was enclosed and mailed with the questionnaire 
sent out to the 18 MSA signatory parties in December 1994. 
The questionnaire asked 9 questions. Responses were sum- 
marized and input into a FoxPro relational database. 

Furthermore, the SNEP team had extended conversations 
with a number of signatories to the MSA. In addition, we 
were joined by MSA signatories and MULC members on a 
field trip June 10, 1994 to the Black Mountain Grove, and on 
February 3, we held an all day SNEP workgroup meeting with 
the MSA signatories, MULC group, and select invited associ- 
ates. 

Results—We received 8 responses from MSA signatory par- 
ties to our questionnaire; shortened summaries of the results 
are as follows: 


1. What were your objectives and goals when you came into 
the mediation process with Sequoia National Forest? An- 
swers were diverse and included seeking a balance of com- 
modities and values, ending the impass of LMP appeals, 
maintaining multiple use of the resources, stopping dam- 
age to the groves immediately, protecting giant sequoia 
and other areas, and maintaining a viable timber program. 
This diversity of responses was expected given the vari- 
ous interests of the signatory parties. 


2. Were you satisfied with the mediation process? How com- 
pletely satisfied? Five people were satisfied, 2 were neu- 
tral and 1 was unsatisfied. 


3. Were you satisfied with the mediation outcome for Sec- 
tion B—Giant Sequoia Groves? The identification of grove 
boundaries? The function and usefulness of the 300-500 
ft administrative boundary and the additional 300-500 ft 
grove influence zone? Two people were satisfied, 2 were 
neutral and 4 were unsatisfied. 


4. What are your thoughts on moving beyond the MSA to 
ecosystem definitions for groves and ecosystem manage- 


ment? How would this be best done? What should the 
process be? There was a consensus to get beyond the MSA, 
and multiple ways to do so were presented. 


5. What is your opinion on the Forest Service doing an EIS 
for management of each grove? Two people felt it was a 
good idea, 5 felt it was not, and 1 thought that clumping 
the groves geographically would be best. 


6. Do you have problems trusting the Sequoia National For- 
est management? Four believed that there were problems 
with the agency and 4 thought there were no problems. 


7. How can we better educate private interests and the pub- 
lic about giant sequoia issues? Many ideas were presented, 
including educational programs (targeting school children 
especially), good use of media, and that this is not a prob- 
lem that needs addressing. 


8. Do you believe that fuels, including some understory trees, 
need to be removed in giant sequoia groves to protect them 
from crown fires and open up the forest floor to increased 
giant sequoia regeneration? Should this be done using 
“sensitive” means of mechanical fuel reduction, traditional 
commercial logging practices, fire or some combination 
of these methods? All felt that removal of fuels was im- 
portant, but that specific conditions should be assessed 
for use of fire and mechanical work. Most respondents 
did not want traditional logging in the groves. 


9. What are any other thoughts you may have? Comments 
included politics being a problem, working with local com- 
munities necessary, an emphasis on managing groves for 
the future mandated, evaluation of all impacts to the 
groves, and that groves must be protected. 


Extensive verbal comments were made at our June 10, 1994 
and February 3, 1995 meetings. Their was broad sentiment 
among this group for protecting giant sequoia and acquiring 
better scientific information, from both ecological and man- 
agement perspectives, to do this. No single individual ever 
stated that giant sequoia should be logged, although concerns 
were voice on fuel loading, canopy closure, and the need to 
remove green and dead trees to promote giant sequoia re- 
generation. Some sentiment was voiced for a hands-off ap- 
proach, but it was minor. 

Discussion—The MSA signatories whom reponded to our 
questionannaire (8 of the 18; the Forest Service was not sent a 
questionnaire) found it conceptually difficult to only address 
their satisfaction with the MSA process, as they conceptually 
linked the process to the result. Some of them were more 
satisfied with the MSA direction defined for grove manage- 
ment than for other topics of interest (e.g., grazing, riparian 
management, off-road vehicle use), and vice-versa. Specific 
individuals feared that they gave up too much within the gi- 
ant sequoia groves for the sake of compromise on other MSA 
elements. The MSA process brought some satisfaction to the 
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participants, but implementation of the MSA is a major con- 
cern for many of these individuals. Relations between the 
signatory parties and the Forest Service seem to have im- 
proved for some parties and not improved for others. There 
is serious concern on whether the Forest will amend or revise 
the LMP, how this will be done, and when it will be done. 
Even though the need is recognized for fuels reduction in cer- 
tain groves and for restoration in others, it is unclear to many 
participants how the Forest will be able to undertake even a 
single grove project and do an EIS without a full revision of 
the LMP. These are very important questions. 


Questionnaire To and Meetings 
with the General Public 


Management of giant sequoia is an issue of concern to many 
members of the informed public. We sought to determine 
the interest, ideas and knowledge level of a group of the “sup- 
posedly” interested public about the MSA process and results 
relating to giant sequoia. We also asked about ecosystem 
management issues for giant sequoia. 

Methods—Draft questions were composed and sent to mem- 
bers of Sequoia National Forest and the SNEP team for com- 
ment in early December 1994. Changes and suggestions were 
input. We asked open-ended questions in ways to allow the 
widest of possible responses to facilitate open and uncon- 
strained answers from the public. Eight questions were posed 
to the public. The first four questions addressed the MSA 
and the remaining four questions addressed new ecosystem 
management approaches and needs. 

Letters and questionnaires were sent out in December 1994 
to six hundred and sixty-seven members of the interested 
public from a list of people who had been involved in public 
input for the 1988 Sequoia National Forest Land Management 
Plan. Fifty-six letters were returned with no new forwarding 
address, so six hundred and eleven of the mailings were ac- 
tually received by the addressees. These same persons re- 
ceived a letter announcing a public meeting in February 1995 
in Porterville. Responses were summarized and input into a 
FoxPro database. 

In addition, a public meeting was announced and adver- 
tised (through mailings, postings and press releases) for Sat- 
urday, February 4, 1995 at Porterville College. This meeting 
lasted approximately six hours, and drew 60 participants. 

Furthermore, the workgroup hosted a roundtable discus- 
sion for 3 hours with the public at our SNEP Public Work- 
shop with the Science Team February 21, 1995 at the University 
of California, Davis. 

Questionnaire Results—Ninety-five questionnaires were 
answered and returned. The summary of results for MSA- 
related questions is as follows: 


1. Were you satisfied with the mediation process for Sequoia 
National Forest? How satisfied? Thirty percent were sat- 
isfied, 42% were not, and 28% did not know about it or 
did not respond. 


2. Were you satisfied with the mediation outcome for the 
MSA Section B—Giant Sequoia Groves? The identifica- 
tion of grove boundaries? The function and usefulness of 
the 300-500 ft administrative boundary and the additional 
300-500 ft grove influence zone? Twenty-three percent 
were Satisfied, 54% were not, 23% did not know about it 
or did not respond. 


3. What are your thoughts on moving beyond the MSA to 
ecosystem definitions for groves and ecosystem manage- 
ment? How would this be best done? What should the 
process be? Seventy-two percent believed in moving be- 
yond the MSA, 3% questioned ecosystem management, 
and 25% did not know about it or did not respond. 


4. What is your opinion on the Forest Service doing an EIS 
for management of each grove? Thirty-five percent be- 
lieve it is fine—each grove is different so need separate 
checks (4% of these said have an outside group do the 
work), 49% did not believe it should be done for every 
grove (7% of these said have an outside group do the work, 
10% said it was a waste of money). 


Discussion—The dominant view of the interested public is 
that the MSA was a stopgap measure and a way to reform 
forest management of giant sequoia. Many of the respon- 
dents were not familiar with the entire MSA documents or 
specific parts of it. Those whom were very versed on the MSA 
urged moving beyond it. In general, displeasure with the 
MSA was voiced. Many comments were made on the need 
for individual grove by grove study, while others thought all 
the groves were pretty much the same and could be studied 
as a group. Concerns were expressed about the groves being 
removed from the timber base, fuels accumulation, soil ero- 
sion, the tree species and their genetic composition that were 
planted in the groves that the Forest had logged within, 
withthrow of trees, lack of a full understanding of giant se- 
quoia genetics which may make grove units of concern bio- 
logically meaningless, the full range of human values being 
accomodated for within the range of groves, and damage to 
particular groves that given individuals have visited repeat- 
edly over their lifetimes. The proposed giant sequoia legisla- 
tion was a topic of interest for a few individuals. 


Overall summary 


The mediation process brought many of the interested par- 
ties to the discussion table to attempt to formulate a consen- 
sus management direction for Sequoia National Forest in 
reference to its giant sequoia groves. The groves were re- 
moved from the timber base, accurately mapped in the field, 
with these field maps digitized, with further description data 
on the groves obtaining through the intensive field mapping 
process. The Forest has begun, as required by the MSA, a 
fuels inventory of the groves. Yet, with the MSA was signed 
six years ago and the Forest is four years behind in its sched- 
uled completion of tasks outlined. 
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In addition to the human and fiscal resource limitations 
mentioned above, important interim changes in Region 5 for- 
est policy, under CASPO and now the draft EIS for the Cali- 
fornia Spotted Owl, and with the SNEP science team explicitly 
requested to evaluate the MSA Section B on the groves, the 
Forest has chosen to wait to see what the Region’s manage- 
ment directives are, and what the SNEP’s overall science and 
adaptive management ideas will be before initiating new 
grove inventory, assessment, and monitoring projects. Former 
Forest Supervisor Key made it clear to the SNEP workgroup 
and her staff that she was awaiting SNEP’s findings before 
the MSA section B would be amended within the LMP. Fu- 
ture management, monitoring, and science-based study needs 
are discussed following our presentation here of available 
management tools and techniques. 


Evaluation of the MSA: Sequoia National 
Forest Data Availability, Management 
Practices, and Future Approaches 


The Sequoia National Forest is rich in its number of giant se- 
quoia groves and grove complexes, yet very data poor when 
it comes to scientific data on the characteristics and also the 
management histories of the groves. The ecological and man- 
agement data we were able to acquire for the groves with a 
search of the files at Sequoia National Forest with the assis- 
tance of several key staff is listed in Acknowledgements. 
Complete biological inventories of various taxa and guilds 
have not been undertaken for the Sequoia National Forest 
groves, with this generally true of groves managed by other 
units as well. Plant community and associaton information 
is very limited as well, with the density and dominance of 
various canopy and understory species undocumented for 
most of the groves. None of the groves have been studied 
from an ecosystem perspective in regard to their structure 
and function, and inputs, throughputs and outputs. Although 
concerns are voiced in regard to erosion above groves in their 
watersheds, and fuel loading especially below the groves, 
neither scientific studies nor planning efforts have focused 
on these larger ecosystem units, nor really even the grove units 
themselves. Most of the management oriented information 
from timber sales, grazing allotments, hazard tree removal, 
road construction, etc., is not grove specific, but for landscape 
units being treated that include usually only part of a grove. 
The Sequoia National Forest has completed a very accu- 
rate mapping of its giant sequoia groves and grove complexes, 
including buffer areas surrounding the groves. As such, the 
Forest now knows where the groves are and can carefully in- 
corporate this information using a GIS or CAD system into 
their planning documents and process. We urge the Forest to 
carefully consider the inaccuracies of other spatial data sets 
they may bring in to their GIS or CAD systems that may not 
be as accurate as the grove boundaries. Manipulative activi- 
ties should be very carefully checked through ground truthing 


to catch any inconsistencies in the spatial resolution of non- 
grove layers. 

The MSA requires the Forest to do fuel inventories of all 
groves. Although this effort is currently underway, more re- 
sources need to be directed towards completing it in a timely 
and accurate fashion. As stated earlier, many of the groves 
have substantial fuel loads, and it is important to know where 
and what these are. 

We also urge the Forest to undertake a scientifically valid 
description of their grove ecosystems, gathering statistically 
sound data on the biota of the groves, the physiognomy of 
the forest, plant communities, soil types and depth, surface 
and sub-surface hydrology, dead vs. standing vs. downed 
biomass, fuels, and the presence of disease and damage from 
fungi, insects, air pollutants and other agents. We cannot 
imagine the Forest clearing the EA or EIS process in adaptive 
management of the groves and any grove activities if it does 
not have this basic descriptive data grove by grove. 

It is important to remember that the grove ecosystem ex- 
tends beyond the boundaries of the grove itself. It would be 
useful for the Forest to create three-dimensional view of the 
groves draped across a digital elevation model such that in- 
puts from upslope and downslope of the groves can be stud- 
ied. 

Alternative management treatments should be reviewed 
for all groves, including a hands-off or no-touch approach, 
the use of prescribed fire only to reduce fuels and promote 
regeneration, the use of mechanical thinning tools to again 
reduce fuels and promote regeneration, and a combination of 
fire and mechanical treatments. We strongly suggest the For- 
est designing a series of well thought out experiments in one, 
two or three groves that they can learn from. EAs or even 
EISs may have to be written and approved to undertake these 
efforst. 

These experiments may have to be small scale and inten- 
sive, as it is important for the Forest to gain the trust of the 
public in any adaptive management schemes it may design. 
It may also be of benefit for the Forest to undertake a project 
in a grove that is partially managed by another agency, such 
as the National Park Service. 

Furthermore, all groves should be evaluated individually 
as to giant sequoia regeneration status, tree species dominance 
and growth rate, biodiversity components, general health, 
human values, and priorities Forest-wide. 

Lastly but as importantly, the Forest must undertake an 
active program of education and outreach on giant sequoia 
ecosystems and their management. It is important for all 
parties, whether they are from environmental or timber in- 
terests, to have a common background and be well-informed 
by the Forest on scientifically-supported management prac- 
tices. Congressional staff, special interest groups, and the 
general public should all be clientele for these programs. An 
educational CD-ROM on giant sequoia is under construction 
by the authors of this report in collaboration with Sequoia 
National Forest. 
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An interagency and agency-University-public school ap- 
proach to giant sequioa science, management and education 
may be especially valuable. An MOU has already been signed 
by the National Park Service, U.S. Forest Service, National 
Biological Service, State Department of Forestry and Fire Pro- 
tection, and the University of California for cooperative re- 
search on giant sequoia/mixed conifer ecosystems. 


Treatments and Tools that Can Be Applied 
to Giant Sequoia/Mixed Conifer Ecosystems 


To sustain giant sequoia/mixed conifer ecosystems, they 
should be restored to structures that allow the incorporation 
of natural disturbances such as fire, insects and disease, with- 
out catastrophic destruction of grove functions. The follow- 
ing mechanical and prescribed fire treatments can be applied 
to giant sequoia ecosystems for this purpose as part of a well- 
researched adaptive management program. Special care 
should be taken if mechanical equipment is to be used in or 
near giant sequoia groves. Planning and control of the place- 
ment of tractive equipment is important to ensure that nei- 
ther soil displacement or compaction take place in the area of 
watercourses (Gasser 1994). All operations should be done 
during the dry season and low ground pressure equipment 
should be used in operations (Gasser 1994). Combinations of 
treatments can be used to meet specific grove management 
objectives. 

Mechanical treatments—Mechanical treatments may be used 
to reduce forest fuels and open up the canopy or understory 
to better promote regeneration and decrease competition. 
Alternative techniques are described here. 

Chainsaw felling of ladder fuels and lopping and scatter- 
ing of the slash in one mechanical treatment approach. With 
this treatment, biomass would not be removed, but fuel ge- 
ometry would be modified. Surface fuel load would be in- 
creased after treatment, and vertical fuel continuity would 
be reduced. 

Horse logging is a mechanical technique that has low site 
impact but is relatively slow. Logs must be cut into short 
lengths, and horse skidding requires a slight downhill grade 
as well. Skid trail length is also limited, and logs larger than 
30 in in diameter are difficult to handle. Skid trails are small 
and easily restored after logging by raking. This technique 
may be appropriate inside the giant sequoia groves with lim- 
ited slopes (< 20%) and could be used to thin giant sequoia 
stands (e.g., reduce the density of white woods). 

Tractor logging is a technique that moderately impacts the 
site, but is relatively fast. Tractors can be operated on areas 
with slopes up to 35-40%. This produces larger skid trails 
and higher disturbance. Tractors with steel track drive sys- 
tems produce more surface disturbance when turning as com- 
pared to rubber tire skidders, but may produce less soil 
compaction due to the higher surface area of the drive sys- 
tem. There is no practical limit on the size of logs that can be 
handled using this system, and this system can be used in 
both even-aged and uneven-aged silvicultural systems. Me- 


chanical disturbance of the site can be minimized with proper 
planning and by using highly trained personal. Skid trails 
can be mechanically raked after treatment and small logs and 
water berms can be installed to reduce erosion on the skid 
trials. Most soil erosion comes from skid trails and road build- 
ing in a well designed tractor logging operation but this can 
be reduced to low levels with proper design. 

Arunning skyline or yarder logging system is appropriate 
for slopes exceeding 35-40%. A locking carriage system 
should be used to reduce damage to residual trees. All logs 
are yarded to a central location and damage to residual trees 
can be very high in steep terrain. A running skyline system is 
approximately 3 times more expensive to operate than a trac- 
tor system, but has the advantage of being practical on steep 
slopes. Since all logs are skidded into a central location, the 
production of corridors that are visible on the landscape may 
become a problem. 

A zig-zag yarder is a small cable yarding system that is 
appropriate for thinning and biomass operations. This uses 
a system of small portable pulleys that are attached to stand- 
ing trees. The size of the material to be moved is limited to 
approximately 25 cm in diameter. The zig-zag yarder pro- 
duces very narrow skid trails that can be restored with shov- 
els and rakes. This system could be used inside giant sequoia 
groves to remove small ladder fuels, but cannot be used to 
treat trees that are over 25 cm in diameter. 

Feller-buncher systems are large machines can efficiently 
remove trees up to 70 cm in diameter and can be on slopes up 
to 30%. The machines have a great deal of control in falling 
timber since they actually lay it on the ground. A forwarder/ 
processor could be used to thin mixed conifer exosystems. 
This system has the advantage of not requiring skid roads to 
remove harvested material. 

Helicopter logging is the most expensive logging system, 
and it may be appropriate for inaccessible or steep sites or 
sensitive watersheds. The system does not produce any skid 
trails or new access roads and therefore produces the least 
amount of site disturbance. It is much easier to be selective 
in tree removal using this system as compared to a running 
skyline system. If a steep area is to be treated, then helicopter 
logging may be the best choice since residual damage to re- 
maining trees and soil erosion will be kept to a minimum. 
Treatment of logging slash can be a problem in remote sites. 

Several of the above mechanical treatments could be used 
to remove biomass from the giant sequoia-mixed conifer eco- 
system. Clean chips could be used if a mill was located close 
enough to be economically feasible. Clean chips can be used 
to produce pulp or chip boards and are much more valuable 
than dirty chips. Dirty chips are transported to a cogenera- 
tion plant and are used in the production of electricity. Re- 
cent Public Utility Commission decisions will make many of 
the cogeneration plants in the Sierra Nevada economically 
unfeasible. Production of chip board products could make 
biomass operations feasible. 

Prescribed fire treatments—Prescribed burns are a valuable 
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tool for manipulating forest biomass, structure and ecosys- 
tem function. Low consumption, low intensity burns can be 
used in the early spring after snow melt. Large size-class fu- 
els will not have time to dry and will not burn easily. Small 
fuels (1 and 10 hour) (Brown 1974) will dry much more quickly, 
and this type of prescribed fire will consume most of the 
smaller fuels. Duff consumption will vary depending on 
moisture content. If duff is burned with a high moisture con- 
tent, then only the top few centimeters will be consumed. This 
treatment will reduce the amount of fine fuels. Fine fuels are 
the quickest to respond to changes in the weather and in many 
cases they drive extreme fire behavior. The ecological effects 
of spring prescribed fires requires further study. Burning in 
a season that historically experienced very little fire may have 
ecological consiquences. If ecological effects are considered 
to be small, then large areas of the mixed conifer forest could 
be treated following snow melt using strip headfires without 
much overstory damage. 

In contract, low consumption, high intensity burns, also 
refered to as a “jackpot” burns, are conducted after the first 
significant rain or snow of the season, followed by a few clear, 
dry days when areas of excessively high fuel loads can be 
treated. The first precipitation of the year will affect the mois- 
ture content of the smallest fuels but will not change the mois- 
ture content of the larger size classes (100 and 1000 hour) as 
quickly. Drip torches can be carried through the forest and 
areas of high fuel load ignited. The moisture content of the 
adjacent small fuels (1 and 10 hour) will be high enough to 
retard the spread of the fire. Areas of large fuel loads can be 
treated with this system with limited overstory damage. 

A potential problem with this type of prescribed fire is the 
unpredictability of our weather systems. If the first snow or 
rain is followed by several days or weeks of warm, dry, 
weather, then fire control problems may occur. Also if the 
first precipitation event of the season is large, then the use of 
prescribed fire is not practical. In areas with excessively high 
dead and down fuel loads, this method may be an excellent 
first treatment. 

Another type of prescribed fire is the high consumption, 
low intensity burn. This prescribed fire treatment will be typi- 
cally applied in the fall before the first significant precipita- 
tion event. Fuel moisture levels will be relatively low for all 
sized classes, but fireline intensity will be moderated by fir- 
ing pattern. Consumption of dead and down fuels will be 
high due to low moisture content; duff and litter consump- 
tion may approach 100%. Fire effects on overstory vegeta- 
tion will be variable depending on fuel consumption and 
flame lengths (Stephens 1995). Small areas of high intensity 
fire could be produced with this type of prescribed fire, and 
seedlings and small trees can be thinned. To produce an over- 
all low intensity burn will require a great amount of labor 
and time. Flanking and backfires will be used to keep fireline 
intensity low. 

Lastly, high consumption, high intensity burns are some- 
times conducted. This prescribed fire treatment will be ap- 


plied in the fall before the first significant precipitation event. 
Fuel moisture will be low and duff and dead and down fuel 
consumption will approach 100%. Fire effects of the over- 
story vegetation will be high. Large trees may be entirely 
scorched or sometimes consumed. If ladder fuels are present, 
then localized crown fire patches will be produced. Some 
areas of excessively high fuel loads could produce crown fires 
with areas in the tens of acres, or possibly larger. Tree den- 
sity will be dramatically reduced. Regeneration of shade in- 
tolerant species should occur if a seed source is present. 
Ignition pattern will be by strip headfire or spot ignition. Spot 
ignitions can be done using a heli-torch in large units. 

Once the desired structure is obtained in the grove, peri- 
odic use of prescribed fire should keep the ecosystem in a 
lower seral state, or modify its trajectory as required by the 
management objectives. Enough information is known about 
the prehistoric fire regime in giant sequoia-mixed conifer eco- 
systems (Stephens 1995; Skinner et al. 1996, SNEP report) that 
appropriate fire intervals could be specified in the planning 
and adaptive management process. However, as fire regimes 
have varied in the giant sequoia-mixed conifer ecosystems 
through past centuries (Swetman et al. 1992), what is viewed 
as the appropriate time interval (e.g., fire climte regime) to 
mimic through prescribed burning must be carefully chosen 
before the fire regime can be simulated. 


Moving to Ecosystem Management 


Ecosystem management can be defined as the skillful, inte- 
grated use of ecological knowledge at various scales to pro- 
duce desired conditions, resource values, products and 
services in ways that also sustain the diversity and produc- 
tivity of these ecosystems (Fullmer, 1994 personal communi- 
cation, Sequia National Forest). It is well recognized that 
disturbance is a critical process in giant sequoia-mixed coni- 
fer ecosystems (Skinner et al. 1996, SNEP report), and it must 
be considered to effectively develop strategies for ecosystem 
management. It is important to review how successful past, 
current and proposed management strategies simulate eco- 
system processes. 

Ecosystems are complex. Complete information on how 
they function is not available. Management alternatives can 
be designed to simulate some of the major processes and func- 
tions, but these are very much of a simplification. Therefore, 
these alternatives should not be viewed as complete surro- 
gates of the original systems. 


Historic Disturbance 


Investigation of historic disturbance regimes before the in- 
fluence of European settlers can provide fundamental infor- 
mation for the development of ecosystem management 
strategies. Disturbance agents include fire, insects, disease, 
tree-fall, and drought. Historically, the structure and dynam- 
ics of giant sequoia-mixed conifer forests of the Sierra Ne- 
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vada were once dominated by frequent surface fires (Skinner 
et al. and Stephenson 1996, SNEP report). Fire suppression 
has largely excluded this important ecosystem process. Man- 
agement schemes that seek to integrate fire back into the eco- 
system need to evaluate how much of a particular type of 
vegetation should be burned and what kinds of fires are ap- 
propriate. The use of historic fire data helps managers make 
these decisions. Mechanical methods can also be used in con- 
junction with fire to simulate and aid the restoration of eco- 
system processes. 

Fire regimes describe spatial and temporal fire behavior 
and its associated effects on ecosystems. Components of a fire 
regime are outlined below: 


1. Mean fire interval or mean fire return interval: This is the 
arithmetic average of all fire intervals ina designated area 
during a designated period of time. In many cases, the 
distribution of fire events, not simply the mean, is impor- 
tant. Rare events can sometimes effect ecosystems for ex- 
tended periods of time. 


2. Season of burn: This describes the time of year that fires 
occurred (e.g., fall, spring). The season in which the fire 
occurs will have profound effects on the ecosystem. Not 
only will the characteristics of the fire be different, but the 
phenological state of vegetation will also be different re- 
sulting in different fire effects. 


3. Fire severity: This is the degree to which the ecosystem 
has been altered or disrupted by fire. There is no concise 
definition of this term with appropriate units. In general, 
it can be thought of as the degree of crown scorch, fuel 
consumption and mortality of plant species resulting from 
fire. 


4. Dimension of fires. This describes the sizes of fires. An- 
other aspect of dimension of fires is the amount of un- 
burned area within fires. Generally, not all of the area 
contained in a fire perimeter is burned. 


Fire scar studies in the Redwood Mountain grove of Se- 
quoia National Park demonstrated that pre-settlement (pre- 
1875) surface fires were frequent with 2- to 3-year mean fire 
intervals within watersheds of approximately 800-100 ha, and 
5- to 9-year mean fire intervals in sites of 3-16 ha (Kilgore 
and Taylor, 1979). 

Recent fire-scar studies have been conducted in five giant 
sequoia groves in Yosemite National Park, Sequoia and Kings 
Canyon National Park, and Mountain Home Demonstration 
State Forest (Swetman et al. 1992). Maximum fire frequen- 
cies within the sampled areas of giant sequoia were as high 
as 3-4 per decade from AD 500-AD 1875 (Swetman et al. 
1992). Occasional fire free intervals of 20-30 years occurred 
in the record. Many fires occurred on consecutive years in 
these giant sequoia groves, but these fires were probably less 
than 1 ha in size. The fire regime in giant sequoia/mixed 
conifer ecosystems was diverse and varied over the centuries 


from AD 500-AD 1875 (Swetman et al. 1992). Most fire scars 
(66%) in giant sequoia occurred in the latewood which corre- 
sponds to first week of September to the fourth week of Oc- 
tober (Swetman et al. 1992). Twenty-two percent of the fires 
occurred approximately from the first week of June to the last 
week of August, and 10% occurred when the tree was dor- 
mant corresponding to mid-October to mid-November 
(Swetman et al. 1992). Most fires occurred from late summer 
to early fall in the five groves studied. 

Most fires were low severity surface fires with small patches 
of high severity fires intermixed. Occasionally, large fires of 
high severity burned in the giant sequoia/ mixed conifer eco- 
system (Caprio et al. 1994). A large, high severity fire occurred 
in the Mountain Home grove in 1297 AD. The number of 
scarred trees and growth release suggested this fire event was 
of unusual high severity, not equaled in the last 2,000 years 
(Caprio et al. 1994). The post-fire growth release at Moun- 
tain Home was apparent for about 100 years after the fire in- 
dicating that these infrequent, intense events can effect 
ecosystems for extended periods of time. Large, high sever- 
ity fires were uncommon in these systems. 

The dimensions of fires are difficult to estimate. The fire 
history record from giant sequoia in the Sierra Nevada is one 
of the richest available, but more information is needed to 
estimate fire dimensions. The high severity fire that occurred 
in 1297 AD in the Mountain Home grove was estimated to 
cover an area of several square kilometers (Caprio et al. 1994). 
Fires probably burned much larger areas, but information on 
the spatial extent of historic fires is limited. 


Use of Tools to Mimic Historic Disturbance and 
Restore Giant Sequoia Ecosystems 


Different vegetation management tools can be used for di- 
verse objectives in the giant sequoia/mixed conifer ecosys- 
tem. Prescribed fire and both classical and new silvicultural 
practices are reviewed and analyzed to determine if they are 
appropriate in ecosystem management of the giant sequoia- 
mixed conifer forest. 

The use of low consumption, low intensity burns in the 
early spring has been proposed, but historically very few fires 
occurred in this season. Fire severity will be low and lack 
diversity. The size of the fire could be quite variable, con- 
forming to part of the historic fire regime spectrum. This type 
of fire could be used to begin to reduce surface fuel loads in 
the giant sequoia-mixed conifer ecosystem. The ecological 
effects of low consumption, low intensity burns may be lim- 
ited, but large tree mortality may be relatively high do to fine 
root mortality. 

The use of low consumption, high intensity burns, also re- 
ferred to as a “jackpot” burns has been done by various man- 
agers. After the first significant rain or snow of the season, 
followed by a few clear, dry, days, areas of excessively high 
fuel loads can be treated. Historically, many fires did occur 
during this time of year but the majority of these fires burned 
larger areas naturally. Fire severity will be low because only 
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small areas will be burned in most prescribed burn programs, 
and severity will lack diversity. This treatment could be used 
to effectively reduce fuel loads created by localized tree 
mortality. 

The use of high consumption, low intensity burn is another 
approach. This prescribed fire treatment will be typically 
applied in the fall before the first significant precipitation 
event. Historically, many fires occurred during this time of 
year. The size of the fire could be quite variable conforming 
to the historic fire regime. Fire severity will have moderate 
diversity depending on firing pattern, fuel conditions and 
weather. Large areas could be treated with this type of pre- 
scribed fire. 

The use of high consumption, high intensity burns has a 
very high risk but a significant effect. This prescribed fire 
treatment will be applied in the fall before the first significant 
precipitation event. Historically, many fires occurred during 
this period. The size of the fire could be quite variable con- 
forming to the historic fire regime. Fire severity could be di- 
verse depending on ignition patterns, fuel conditions and 
weather. This may be an inappropriate first treatment in ar- 
eas with excessive fuel load and fuel ladders due to possible 
extreme fire behavior and effects. 

Mechanical methods are tools for a variety of silvicultural 
systems. For even-aged silvicultural systems, clearcutting, 
the removal of all tree vegetation in an area, will produce even- 
aged stands with uniform regeneration. It can be used to re- 
generate a site that is severely infected with insects, disease 
or destroyed by crown fire. Regeneration is planted and this 
system favors shade intolerant species. The disturbance re- 
gime simulates a high severity stand replacing crown fire, but 
lacks the structural complexity that is present after such an 
event. After a crown fire occurs, the structural complexity of 
the ecosystem is far greater than that created by a clearcut. 
Clearcutting leaves very few snags and dead and down logs, 
with those that are left are frequently spread widely through- 
out the unit. Most high severity fires will miss patches of 
trees and shrubs adding to the structural complexity of the 
site. New forestry techniques can be used to approximate the 
complex structures that are present after a high-severity fire 
but since these events rarely occurred in giant sequoia-mixed 
conifer ecosystems, this system will not be appropriate for 
wide-spread forest management. 

Seed tree treatment leaves an appropriate number of trees 
for a seed source for natural regeneration. When saplings are 
approximately 2-3 feet tall, harvest of the seed trees results 
in an even-aged stand. Removal of the seed trees reduces 
competition for the remaining seedlings. This generally fa- 
vors shade intolerant species. The disturbance regime begins 
to simulate a high intensity surface fire regime, but after seed 
trees are removed, it has the same structural complexity as a 
clearcut. As in the clearcut, this treatment lacks the struc- 
tural complexity that occurs after a high severity fire. 

Shelterwood treatment leaves the appropriate number of 
trees to facilitate regeneration. The overstory will provide 


microclimate modification and a seed source; artificial regen- 
eration can also be used. The number of trees left depends 
on the specific site. When saplings are approximately 2-3 
feet tall, removal of the shelterwood trees generally favors 
shade tolerant species. The disturbance regime begins to 
simulate a high intensity surface fire regime, but after seed 
trees are removed, it has the same structural complexity as a 
clearcut. As in the clearcut, the treatment lacks the structural 
complexity that occurs after a high severity fire. 

Uneven-aged silvicultural systems can also be used in adap- 
tive management. Single tree selection involves the removal 
of individual trees of all species and size classes. Single tree 
selection will produce uneven-aged stands with regeneration 
in all age classes. Problems can occur in this system with dam- 
age to trees left after the treatment. The disturbance regime 
of this system can simulate a low or moderate intensity sur- 
face fire regime, depending on the number of trees removed. 
This can be used to simulate the effects of a low or medium 
intensity surface fire that historically thinned the giant se- 
quoia-mixed conifer ecosystem from below. It does not pro- 
duce the small even-aged groups historically found in the 
giant sequoia/mixed conifer ecosystem. 

In constrast, group selection, the removal of a relatively 
small group of trees, generally varying from 0.11.0 ha is simi- 
lar to a small clear-cut ,but the forest around the group selec- 
tion units will be managed with the group, whereas in a 
clear-cut it is managed as a separate unit. This treatment fa- 
vors shade intolerant species. The disturbance regime can 
simulate a moderate or patchy high intensity surface fire re- 
gime. With appropriate spatial and temporal scales, this sys- 
tem begins to simulate the small high intensity events that 
occurred in the giant sequoia/mixed conifer ecosystem. The 
treatment is a simplification of the natural regime because all 
trees in the group are harvested resulting in a decrease in struc- 
tural complexity in the unit. This treatment also does not 
effect the forest matrix that occurs around the groups that 
was historically thinned from below by frequent surface fires. 


Ecosystem management goals 


Ecosystem management is an attempt to maintain the histori- 
cal structural complexity and suite of processes that occurred 
in these ecosystems before EuroAmerican influence. Man- 
agement should also leave the appropriate biological lega- 
cies (Franklin 1993) to maintain ecosystem structures and 
processes. 

Managers must use the appropriate spatial scales when 
developing land management plans. The larger the manage- 
ment unit, the more able managers are to simulate natural 
processes. Management based on landscape units such as 
regional watersheds may provide the appropriate spatial scale 
for long-term processes. 

Within giant sequoia-mixed conifer ecosystems, different 
land owners will have diverse land management objectives. 
These objectives can be met with a variety of management 
alternatives. The list below gives some of the possible treat- 
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ments that could be used for different ecosystem management 
objectives: 


1. Management ignited prescribed fire: Fire treatments will 
first be applied to reduce fuel load and fuel continuity. 
The most appropriate fire treatments include low con- 
sumption, low intensity burns and low consumption, high 
intensity burns. These treatments could be followed with 
combinations of high consumption, low intensity burns 
and high consumption, high intensity burns. The land 
manager must expect these treatments to produce signifi- 
cant tree mortality and bark char. At first, low intensity 
fires or jackpot ignitions could be used to reduce ladder 
and surface fuels, but fires that produce localized torch- 
ing will have to be introduced to provide the appropriate 
ecosystem dynamics for successful shade intolerant regen- 
eration. 


2. Combination of group selection and single tree selection 
treatments: Single tree selection treatments will simulate 
the historic thinning from below that occurred from fre- 
quent surface fires. This treatment will be applied in the 
matrix surrounding the group selection units and will re- 
duce tree density. Species composition can also be ma- 
nipulated in the matrix with more shade tolerant species 
removed. The group selection units will simulate the his- 
toric small high intensity fires that occurred in the giant 
sequoia/mixed conifer ecosystems. The number of trees 
removed will depend on the specific site. Factors to be 
taken into account to include slope, aspect, vegetation 
structure and vegetation type. Information from fire his- 
tory studies can be used to estimate the historic fire re- 
gime that once occurred at the site. This information can 
be used to develop site specific objectives. 


3. Combinations of mechanical and prescribed fire treat- 
ments: Group selection and/or single tree selection treat- 
ments could be applied followed by a prescribed fire. The 
combination of mechanical and prescribed fire treatments 
will depend on the land management objectives and the 
characteristics of the area to be treated. 


Treatments should be strategically assigned to the land- 
scape since it will not be possible to treat the large acreage of 
the Sierra Nevada giant sequoia-mixed conifer forest except 
over many decades. Information about the historic pattern 
of fire frequency can be used to locate specific areas that 
should be treated early in such a strategy (McKelvey et al. 
1996, SNEP report). 


Demonstration Model: The Effects of 

Fuel Treatments on Potential Fire Behavior and 
Effects, Crane Creek Watershed and the 
Tuolumne Grove, Yosemite National Park. 


One of our goals in the evaluation of the MSA and giant se- 
quoia ecosystem health and management was to model a 
grove on the Sequoia National Forest and simulate various 
treatments of it over time using computer models. The For- 
est did not want us to undertake this project, so instead, we 
were able to work with the National Park Service and beyond 
the bounds of the MSA direction and controversy per se. This 
is fine, as the goal here is simply to demonstrate fire and fuel 
treatments and effects on an existing giant sequoia grove. The 
grove and grove ecosystem modeled herein are the Tuolumene 
Grove in Yosemite National Park as part of the Crane Creek 
watershed and Crane Flat. The objective of this section is to 
model fire behavior in a giant sequoia/ mixed conifer ecosys- 
tem and to test how effective different fuel treatments are in 
reducing the potential of extreme fire behavior. 

Wildfires in the western United States consumed approxi- 
mately 4 million acres in 1994 and the costs of suppressing 
these fires approached 800 million dollars. The majority of 
these fires were high intensity, stand replacing fires. Fires of 
this magnitude and effects will continue to burn in these sys- 
tems unless ecosystem structure (most importantly surface 
fuels and fuel continuity) are modified by management. 

Very little data and no scientific experiments are available 
to analyze the effectiveness of different fuel treatments on 
potential fire behavior. In some cases, fire professionals can 
give specific examples of how a wildfire changed its behav- 
ior in areas that had received fuel treatments. A specific ex- 
ample is the 1988 Buckeye fire in Sequoia National Park. This 
fire began in chaparral below Giant Forest and quickly moved 
uphill toward the giant sequoia groves. The perimeter of Gi- 
ant Forest had previously been treated with prescribed fire 
and when the wildfire reached the treated areas it dropped to 
the ground and was suppressed. More examples of how 
management activities have reduced fire behavior are given 
in this report (van Wagtendonk 1996, SNEP report). 

A fire simulation program has been developed recently that 
can be used to investigate the effectiveness of different fuels 
treatments on the landscape. FARSITE (Finney 1994) is a de- 
terministic, spatial fire model that uses fuels, slope, aspect, 
elevation, canopy cover, height to live crown base, crown 
density and weather as inputs. The input data required by 
FARSITE is significant but the model is based largely on phys- 
ics. The model has also been tested under field conditions 
(Finney and Ryan 1995). A review of the development of fire 
models is given in the agents of change SNEP group (van 
Wagtendonk 1996, SNEP report). 
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Simulation and model assumptions 


FARSITE is a significant improvement in modeling fire be- 
havior on landscapes but still has limitations. FARSITE uses 
BEHAVE (Rothermel 1972, 1983) to model surface fire behav- 
ior. BEHAVE does not use information from fuels larger than 
7.62 cm in diameter (3 inches) when calculating fire behavior. 
Large fuels can produce significant ecosystem effects due to 
long burn out periods and the heat produced from the com- 
bustion of these fuels can be an important factor in the initia- 
tion and spread of crown fires (Rothermel 1991, 1994). 
FARSITE also assumes fire spread can be approximated by a 
elliptical wave (Finney 1994). Field observations of fire spread 
have agreed with elliptical predictions. (Anderson et al., 1982). 

BEHAVE is a surface fire model. Modifications of this sys- 
tem has allowed crown fire modeling but this area of the 
model has not been verified as rigorously as the surface fire 
component. Problems exist in modeling crown fire mainly 
due to limited quantitative research in the behavior of these 
complex events. 

Data are also limited in the number of fire brands produced 
by torching trees and the percentage of these brands that ac- 
tually start spot fires. Currently, the model will only produce 
fire brands from aerial fuels and not from surface fuels. Fuel 
systems with a large dead and down component or shrub 
fields such as chamise can produce fire brands under certain 
conditions. 

Wind and weather inputs to FARSITE are simplifications 
of actual conditions. FARSITE uses daily maximum and mini- 
mum temperatures and humidities and the time that each of 
these occur in simulations. This is a simplification of the ac- 
tual weather stream but was done to reduce data requirements 
for the simulation (Finney 1994). Wind direction and veloc- 
ity can be given for any time scale in the simulations but the 
stream is constant throughout the simulation area. FARSITE 
does allow the user to use multiple weather and wind streams 
when data is available. 

FARSITE uses raster based geographic information system 
(GIS) files as inputs. The spatial resolution of the raster files 
can be set by the user but once set the attributes of each cell 
are constants. In this study, the spatial resolution is 30 meters 
by 30 meters and each cell has a fuel model, aspect, elevation, 
slope, canopy cover, crown density and height to live crown 
base assigned. 

The fuel model assumes homogeneous fuel loads within 
each raster cell. Small scale differences in topography, canopy 
cover and fuels will affect fire behavior but these small scale 
differences are not incorporated into the model. Accurate data 
for such small differences would be very difficult and expen- 
sive to obtain. The simulations also assume a constant height 
to live crown base and crown density for different treatments 
which is a simplification of actual conditions (Van Wagner 
1993). 


Methods 


FARSITE was used to model the effects of different fuel treat- 
ments in the Crane Creek watershed at Yosemite National 
Park. The GIS information was provided by park scientists 
(Jan van Wagtendonk). Yosemite National Park currently has 
the most accurate and highest resolution spatial fuel infor- 
mation in the Sierra Nevada. The Yosemite National Park fuel 
map was produced by remote sensing. Thermatic mapper 
images were taken from one season and analyzed to produce 
a map with 30 m x 30 m resolution. This method will incor- 
porate many landscape features that have a significant effect 
on fire behavior such as rock outcrops, changes in topogra- 
phy and changes in fuels. It also produces a map with fine 
resolution and is much more representative of the actual land- 
scape than a conventional vegetation map. 

Original BEHAVE fuel models were assigned to each 30 m 

x 30 m polygon in the Crane Flat watershed. The watershed 
is dominated by NFFL fuel models 8, 9, and 10 that were as- 
signed depending on overstory density and surface fuel load. 
Relatively small areas of NFFL models 2 and 4 are also found 
in the Crane Flat watershed. 
Crane Creek originates below the Tuolumne giant sequoia 
grove in Yosemite National Park and the elevation in this area 
varies from 1510-1900 meters. The UTM coordinates of the 
modeled area are (248000, 4185000), (248000, 4183000), 
(254000, 4185000), and (254000, 4183000) resulting in an area 
of 16 km? for each simulation. Each simulation was run in 
the same area with the ignition point 2 km west of Crane Flat 
campground on highway 120. The duration of each simula- 
tion was 24 hours. Ninety-fifth and 75th percentile weather 
information was obtained from Yosemite National Park (Jan 
van Wagtendonk, personal communication) and is summa- 
rized in tables 13 and 14. 

The ignition point was placed in the lowest region of the 
Crane Creek watershed within the park and the fire was al- 
lowed to move upslope into the mixed conifer zone. All fire 
simulations were unconstrained by suppression activities. 
Outputs from the simulation include fire line intensity (Byram 
1959), heat per unit area, rate of spread, area burned and if 


TABLE 13 


Weather information used in fire simulations of the Crane 
Creek watershed. 


75th Percentile 95th Percentile 


Maximum Temperature (F) 65 90 
Minimum Temperature (F) 45 60 
Maximum Humidity (%) 60 40 
Minimum Humidity (%) 20 10 
Time of Maximum Temperature 

and Humidity (hour) 1400 1400 
Time of Minimum Temperature 

and Humidity (hour) 500 500 
Wind Direction (degrees) 285 285 
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TABLE 14 


TABLE 15 


Wind information used in fire simulations of the Crane 
Creek watershed. 


75th Percentile 95th Percentile 


Time (hour) Windspeed (mph) Windspeed (mph) 

0 2 12 
100 2 12 
200 2 14 
300 3 14 
400 3 14 
500 4 14 
600 4 15 
700 4 15 
800 4 16 
900 4 16 
1000 5 17 
1100 5 18 
1200 5 18 
1300 6 18 
1400 6 18 
1500 6 18 
1600 6 18 
1700 5 18 
1800 5 18 
1900 4 17 
2000 3 17 
2100 3 15 
2200 2 14 
2300 2 12 


spotting and torching occurred during the simulation. This 
information was used to compare the effectiveness of the dif- 
ferent treatments on the giant sequoia/mixed conifer ecosys- 
tem. 

Differences in treatments were simulated by changing fuel 
characteristics (total load, load by size class, depth), height to 
live crown base and crown density. Crown density values 
were derived from published work (Brown 1978). Table 15 
summarizes the characteristics of the custom fuel models 
(Burgan and Rothermel 1984) used in the simulations. Fire 
rate of spread adjustment factors (fuel adjustment factor) were 
used to calibrate simulated fire spread to actual conditions 
(van Wagtendonk and Botti 1981: Rothermel and Rinehart 
1983) and are also given in table 15. 


Treatments 


1. No treatment, extensive ladder fuels present. This con- 
dition has occurred in many areas of mixed conifer for- 
ests and giant sequoia/mixed conifer forests due to fire 
suppression. Fuel load and vertical fuel continuity are 
high. Surface fuels consist of unmodified NFFL models 
(Anderson 1982). Height to live crown base set to 1 meter 
to simulate extensive ladder fuels. 


2. Prescribed burn. Simulates fuel conditions after a high 
consumption, low intensity prescribed burn. Prescribed 
burn would probably occur in late fall and fireline inten- 
sity would be moderated by firing pattern and fuel mois- 
ture content. Surface fuel load and depth are reduced by 
a factor of 2 in this treatment and areas originally assigned 


Custom fuel models used in fire simulations. 


Fuel Model 14 15 16 17 18 
1 Hour Fuel Load (tons/acre) 1 1 1:5 0.4 2.5 
10 Hour Fuel Load (tons/acre) 0.6 0.6 1 2 4.5 
100 Hour Fuel Load (tons/acre) 1.5 1 2.5 0 5.5 
Live Fuel Load (tons/acre) 0 0 1 0.5 0 
1 Hour Surface Area to 

Volume Ratio 2200 2200 2200 2000 2000 
Live Fuel Surface Area to 

Volume Ratio 1500 1500 1500 1500 1500 
Fuel Depth (ft) 0.15 0.15 0.5 0.6 1.5 
Extinction Moisture Content (%) 30 30 30 20 20 
Dead Fuel Heat Content 

(BTU/Ib) 8000 8000 8000 8000 8000 
Live Fuel Heat Content (BTU/Ib) 9000 9000 9000 9000 9000 
Fuel Adjustment Factor 0.5 0.5 0.5. 0:26 0.5 


to NFFL fuel models 8, 9, 10 are re-assigned to custom 
models 14, 15, 16, respectively. Height to live crown base 
increased to 2 meters by burning. 


3. Pile and Burn. Ladder fuels are mechanically cut by hand 
crews and/or machinery. Material is then piled and 
burned when original surface fuels will not combust, 
probably after first significant precipitation. Treatment 
removes ladder fuels but does not alter original surface 
fuels. Height to live crown base increased to 2 meters. 


4. Cut and scatter. Ladder fuels are mechanically cut by 
hand crews and/or machinery. Fuels are lopped and 
scattered on site resulting in significantly higher surface 
fuel loads. Height to live crown base increased to 2 
meters. Areas of NFFL fuel models 8, 9, 10 are assigned 
to custom fuel model 18 to simulate treatment effects on 
surface fuels. 


5. Thinning and biomass. Ladder fuels and intermediate 
sized trees are mechanically cut by hand crews and/or 
machinery. Small material is biomassed (chipped) and 
larger material could be transported to a sawmill to pro- 
duce wood products. Harvested material is taken off site, 
original surface fuels unchanged. In most cases 
biomassing and thinning would crush the surface fuels, 
but in this simulation surface fuel depth and load remain 
unchanged. Height to live crown base increased to 2 
meters and crown density is reduced by a factor of 2 due 
to removal of trees. 


6. Thinning and biomass followed by prescribed burn. Lad- 
der fuels and intermediate sized trees are mechanically 
cut by hand crews and/or machinery as in treatment #5. 
Surface fuel load and depth are reduced by a factor of 2 
by burning in this treatment and areas originally assigned 
to NFFL fuel models 8, 9, 10 are re-assigned to custom 
models 14, 15, 16, respectively. Height to live crown base 
increased to 2 meters and crown density is reduced by a 
factor of 2 due to removal of trees. 
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7. Salvage harvest operation without slash or landscape 
level fuel treatment. This treatment simulates a salvage 
logging operation that removes standing dead trees and 
leaves the resulting logging slash on site. Surface fuel 
load will be dramatically increased in the area of the sal- 
vage operation and the remaining landscape will be un- 
treated. The simulation uses an opening with a diameter 
of 34 meters to represent the area covered by a salvage 
operation. In most cases, a relatively small group of bark 
beetle killed trees are removed by such salvage opera- 
tions and this opening is representative of such a treat- 
ment. 600 of these openings were randomly placed inside 
the 16km2 simulation area and summed together, they 
cover 2% of the area. Surface fuels in areas outside the 
salvage operation consist of unmodified NFFL models. 
Height to live crown base set to 1 meter to simulate ex- 
tensive ladder fuels and areas with untreated salvage 
slash are simulated by NFFL 12. 


8. Salvage harvest operation with slash treatment but with- 
out landscape level fuel treatment. This treatment simu- 
lates a salvage logging operation that removes standing 
dead trees and treats the resulting slash by pile and burn- 
ing. Surface fuel load will be reduced in the area of the 
salvage but the remaining landscape will be untreated. 
The simulation uses the same opening configuration as 
in treatment #7. Surface fuels in areas outside the sal- 
vage operation consist of unmodified NFFL models. 
Height to live crown base set to 1 meter to simulate ex- 
tensive ladder fuels and the salvage opening is simulated 
by NFFL 0 which represents bare ground. 


9. Salvage harvest operation with slash and landscape level 
fuel treatment. This treatment simulates a salvage log- 
ging operation that removes standing dead trees, treats 
the slash by pile and burning and treats the remaining 
landscape with prescribed fire or thinning and biomass 
followed by prescribed fire treatments. Surface fuel load 
will be reduced in the area of the salvage and on the ad- 
joining landscape. The simulation uses the same open- 
ing configuration as in treatment #7. Surface fuels in areas 
outside the salvage operation consist of modified NFFL 
models 14, 15, and 16. Height to live crown base set to 2 
meters to simulate a reduction in ladder fuels and the 
salvage opening is simulated by NFFL 0 which represents 
bare ground. 


10. Group selection harvest operation without slash or land- 
scape level fuel treatment. This treatment simulates a 
uneven-aged group selection silvicultural operation that 
removes all trees within the group and leaves the result- 
ing logging slash on site. Surface fuel load will be dra- 
matically increased in the area of the harvesting and the 
remaining landscape will be untreated. The simulation 
uses an opening with diameter of 72 meters to represent 


the area covered by a .4 Ha (1 acre) group selection unit. 


This opening size is consistent with ecosystem manage- 
ment objectives covered earlier in this report. 600 of these 
openings were randomly placed inside the 16km 2 simu- 
lation area and summed together, they cover 10% of the 
area. Surface fuels in areas outside the salvage opera- 
tion consist of unmodified NFFL models. Height to live 
crown base set to 1 meter to simulate extensive ladder 
fuels and areas with slash are simulated by NFFL 12. 


11. Group selection harvest operation with slash treatment 
but without landscape level fuel treatment. This treat- 
ment simulates a uneven-aged group selection silvicul- 
tural operation that removes all trees within the group 
and treats the slash by pile and burning. Surface fuel 
load will be reduced in the group, however, the remain- 
ing landscape will be untreated. The simulation uses the 
same opening configuration as in treatment #10. Surface 
fuels in areas outside the salvage operation consist of un- 
modified NFFL models. Height to live crown base set to 
1 meter to simulate extensive ladder fuels in these area 
and the group selection opening is simulated by NFFL0 
which represents bare ground. 


12. Group selection harvest operation with slash treatment 
and landscape level fuel treatment. This treatment simu- 
lates a uneven-aged group selection silvicultural opera- 
tion that removes all trees within the group, treats the 
slash by pile and burning and treats the remaining land- 
scape with prescribed fire or thinning and biomass fol- 
lowed by prescribed fire treatments. Surface fuel load 
will be reduced in the group and surrounding landscape. 
The simulation uses the same opening configuration as 
in treatment #10. Surface fuels outside the group selec- 
tion operation consist of modified NFFL models 14, 15, 
and 16. Height to live crown base set to 2 m to simulate 
a reduction in ladder fuels in these areas and the salvage 
opening is simulated by NFFL 0 which represents bare 
ground. 


All new models were created and tested using newmodel 
and testmodel BEHAVE applications. Ray Hermit of the USFS 
California Spotted Owl Center assisted in the development 
of the custom fuel models. Table 16 specifies which models 
were used in each treatment and also gives overstory param- 
eters used in the simulations. Initial fuel moisture contents 
required for the fire simulations are summarized in table 17 
and are representative of fuel moisture contents during pre- 
scribed burns (Stephens 1995). 


Results and Discussion 


The prescribed burning, thinning and biomassing followed 
by prescribed burning, and salvage or group selection with 
slash and landscape fuel treatments resulted in the lowest 
average fireline intensities, heat per unit area, rate of spread, 
and area burned in 24 hours for both the 75th and 95th per- 
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TABLE 16 


Fuel and canopy characteristics for each treatment. 


Fuel Models Used (also depicts ) 


Crown Density Height to (meters) 


Treatment when custom models were used (kg/m~) Live Crown Base 
None 2, 4, 8, 9, 10 0.3 1 
Prescribed Burn 2, 4=17, 8=14, 9=15, 10=16 0.3 2 
Pile and Burn 2, 4, 8,9, 10 0.3 2 
Cut and Scatter 2, 4=17, 8=18, 9=18, 10=18 0.3 2 
Thinning and Biomass 2, 4, 8, 9, 10 0.15 2 
Thinning and biomass followed by Prescribed Burn 2, 4=17, 8=14, 9=15, 10=16 0.15 2 
Salvage without slash or landscape fuel treatment 2, 4, 8, 9, 10 0.3 1 
Salvage with slash treatment but without landscape 

fuel treatment 0, 2, 4, 8, 9, 10 0.3 1 
Salvage with slash and landscape fuel treatment. 0, 2, 4=17, 8=14, 9=15, 10=16 0.15 2 
Group selection without slash or landscape 

fuel treatment 2, 4, 8, 9, 10, 12 0.3 1 
Group selection with slash treatment but without 

landscape fuel treatment 0, 2, 4, 8,9, 10 0.3 1 
Group selection with slash and landscape fuel 

treatment 0, 2, 4=17, 8=14, 9=15, 10=16 0.15 2 
TABLE 17 


Initial fuel moisture values used in the simulations. 


75th Percentile 95th Percentile 


1 Hour Fuel Moisture (%) 6 4 
10 Hour Fuel Moisture (%) 8 6 
100 Hour Fuel Moisture (%) 10 8 
Live Woody Fuel Moisture (%) 110 90 
Live Herbaceous Fuel Moisture (%) 110 90 


centile weather conditions (tables 18 and 19). Figures 3 and 
4 summarize fireline intensity and heat per unit area at 95th 
percentile weather conditions for all treatments. 

Torching only occurred at the 75th percentile weather con- 
ditions when slash from salvage, thinning or harvesting op- 
erations is untreated and the maximum fire size in 24 hours 
was 33 Ha. The cut and scatter treatment and group selec- 
tion/salvage operations without slash or landscape fuel treat- 


TABLE 18 


ment produced the highest fireline intensity, heat per unit area 
and rate of spread since these treatments increased surface 
fuel load substantially. None of the fires simulated under the 
75th percentile weather conditions would pose much of a risk 
to the surrounding ecosystems due to their moderate behav- 
ior. 

Torching and spotting occurred in most of the simulations 
using the 95th percentile weather conditions with the excep- 
tion of the prescribed burn, thinning and biomass followed 
by prescribed fire, and salvage or group selection with slash 
and landscape fuel treatments. These treatments all produced 
similar values for fireline intensity, heat per unit area, rate of 
spread and area burned in 24 hours. These treatments re- 
sulted in fire behavior that was relatively moderate and fires 
burning under these conditions would not pose a significant 
threat to giant sequoia/mixed conifer ecosystems. 

This is in contrast to the no treatment option, thinning and 
biomass, and salvage or group selection options that do not 


Average results of fire simulations with 75th percentile weather. 


Fireline Intensity Heat/Area Fire Rate of Area Burned in Spotting and 

Treatment (kW/m) (kJ/m?) Spread (m/min) 24 Hours (Ha) Torching (y/n) 
None 72.8 3241.79 0.64 4 no 
Prescribed Burn 7.94 1750.74 0.25 6 no 
Pile and Burn 65.29 4613.31 0.72 24 no 
Cut and Scatter 84.47 7975.95 0.66 33 yes 
Thinning and Biomass 44.41 3805.71 0.61 20 no 
Thinning and Biomass followed by Prescribed Burn 6.61 1712.88 0.23 6 no 
Salvage without slash or landscape fuel treatment 87.59 5389.29 0.91 24 yes 
Salvage with slash treatment but without landscape 

fuel treatment 22.75 3294.54 0.85 20 yes 
Salvage with slash and landscape fuel treatment 8.23 1797.45 0.30 9 no 
Group selection without slash or landscape fuel 

treatment 114.36 8382.84 0.49 26 yes 
Group selection with slash treatment but without 

landscape fuel treatment 85.96 4467.26 1.01 23 yes 
Group selection with slash and landscape 

fuel treatment 8.34 1721.45 0.31 8 no 
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TABLE 19 


Average results of fire simulations with 95th percentile weather. 


Fireline Intensity Heat/Area Fire Rate of Area Burned in Spotting and 
Treatment (kW/m) (kJ/m*) Spread (m/min) 24 Hours (Ha) Torching (y/n) 
None 481.67 6204.9 1.42 330 yes 
Prescribed Burn 38.94 2740.93 0.59 25 no 
Pile and Burn 164.15 4529.19 1.2 120 yes 
Cut and Scatter 1070.82 8699.56 1.43 620 yes 
Thinning and Biomass 111.58 4132.52 1.31 100 yes 
Thinning and Biomass followed by Prescribed Burn 37.93 2796.65 0.57 20 no 
Salvage without slash or landscape fuel treatment 621.37 7824.89 1.64 280 yes 
Salvage with slash treatment but without landscape 
fuel treatment 457.53 6869.00 1.23 170 yes 
Salvage with slash and landscape fuel treatment 34.19 2991.67 0.46 20 no 
Group selection without slash or landscape fuel 
treatment 1040.12 14141.37 2.42 320 yes 
Group selection with slash treatment but without 
landscape fuel treatment 425.45 8336.16 1.23 180 yes 
Group selection with slash and landscape fuel 
treatment 33.21 2885.78 0.44 16 no 
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treat the adjoining slash and adjacent landscape which pro- 
duced fireline intensities over 10 times greater than the pre- 
scribed burn, thinning and biomass followed by prescribed 
burn or salvage or group selection operations that include 
slash and landscape fuel treatments at 95th percentile weather 
conditions. These fires burned into the Tuolumne giant se- 
quoia grove during the 24 hour simulation period, a distance 
of approximately 6 km, and would have damaged the grove 
extensively. Fire behavior was extreme and torching and spot- 
ting were common. 

The cut and scatter and salvage/group selection treatments 
that do not treat the adjoining landscapes resulted in more 
extreme fire behavior when compared to the control treat- 
ment. This occurred because surface fuel load was increased 
significantly. Removing large, standing dead trees will not 
reduce fire hazard in these ecosystems. 

The thinning/biomass and pile and burn treatments pro- 
duced similar results. Both produced moderate fire behav- 
ior but both still produced spotting and torching. The 
resulting fuel structures are an improvement over the control 
in terms of potential fire behavior at 95th percentile weather 
conditions but still produce sufficient fireline intensity to kill 
many large trees. Neither of these treatments burned into 
the Tuolumne giant sequoia grove within the 24 hour period. 

The most effective treatments are prescribed burn, thinning 
and biomass followed by prescribed fire, and salvage or group 
selection with slash and landscape fuel treatments. These 
treatments produce ecosystem structures that will not pro- 
duce extreme fire behavior at 95th percentile weather condi- 
tions. These systems are dynamic and fuel will continue to 
accumulate after treatments. A comprehensive fuel treatment 
program is therefore required to keep fuel loads low and most 
mixed conifer / giant sequoia ecosystems should be re-burned 
every 7-15 years. 

This study supports the conclusions reached by other re- 
searchers (van Wagtendonk 1996, SNEP report; Weatherspoon 
and Skinner 1996, SNEP report). van Wagtendonk used 
FARSITE ona simulated landscape to test the effectiveness of 
different fuel treatments. The results indicate prescribed burn- 
ing is the most effective treatment followed by biomass /burn 
treatments in reducing fire behavior at 95th percentile weather 
conditions. This study also examined the effectiveness of fuel 
breaks in the Sierra Nevada and found them to be ineffective 
at extreme weather conditions. 

Weatherspoon and Skinner recommend a landscape level 
strategy for fuels management in the Sierra Nevada. Defen- 
sible fuel profiles would be created on the landscape in this 
approach and prescribed fire would be used to restore natu- 
ral processes where appropriate. Individual land manage- 
ment goals would also be used to create the fuel profiles since 
no one prescription is appropriate for the diverse ecosystems 
and ownership’s of the Sierra Nevada. 


Summary 


The simulations demonstrate a landscape perspective should 
be used in managing giant sequoia-mixed conifer ecosystems. 
Areas below giant sequoia groves should be managed to re- 
duce fuel load and fuel continuity. 

The costs of implementing a large scale fuel treatment plan 
will have to be investigated. Areas with high fire risk and 
hazard could be given higher priority (McKelvey and Busse 
1996, SNEP report) in a fuel reduction program. Mechanical 
treatmens such as group selection and salvage operations with 
landscape level fuel treatments can be applied to reduce fuel 
loads in giant sequoia/mixed conifer ecosystems. In other 
areas, prescribed fire may be the only appropriate tool and it 
can be applied to simulate the dynamics of the giant sequoia / 
mixed conifer ecosystem. 

A comprehensive management program is required to re- 
duce fire hazard in the giant sequoia/mixed conifer ecosys- 
tems. Integration of independent assessments of fire hazard 
(fuel load, fuel continuity, topography), fire risk (ignitions 
from lightning, accidents, arson), and ecosystem values (“old- 
growth” forests, wildlife habitat, structures, watersheds) can 
be used to prioritize areas for fuel treatments. If this pro- 
gram is properly designed, it will produce ecosystems that 
are sustainable and it will also have the important benefit of 
employing many people in the Sierra Nevada. 


CASE STUDY: MANAGEMENT OF 
MOUNTAIN HOME DEMONSTRATION 
STATE FOREST 


Information on stand growth under uneven aged manage- 
ment in the Sierra Nevada is limited. The main sources of 
information are at the University of California Blodgett For- 
est Research Station, the U.S. Forest Service PSW Redding 
Silviculture lab, and Mountain Home State Demonstration 
Forest. Information from the Blodgett Forest has been sum- 
marized (Helms and Tappeiner, 1995 SNEP report). 

Mountain Home State Demonstration Forest is located in 
the southern Sierra Nevada, approximately 20 miles east of 
Springville, California. The size of the forest is 4,800 ac with 
an elevation range from 4,800-7,600 ft. Tree species found on 
the forest include white fir (Abies concolor), sugar pine (Pinus 
lambertiana), ponderosa pine (Pinus ponderosa), incense cedar 
(Calocedrus decurrens), giant sequoia (Sequoiadendron 
giganteum), red fir (Abies magnifica), and black oak (Quercus 
kelloggii). The land was purchased by the State of California 
in 1946 from the Michigan Trust Company. The forest was 
first logged in the 1870s, and by the late 19th century, twelve 
logging camps were in operation in the area. Early logging 
operations primarily concentrated on large giant sequoia and 
sugar pine. 

Mountain Home is managed by foresters from the Califor- 
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nia Department of Forestry and Fire Protection. The land is 
managed for multiple use. The highest priority of Mountain 
Home is recreation with its seven campgrounds and ninety- 
six campsites. The annual number of overnight visitors is 
40,000, and another 40,000 visitors come to the forest each 
year for day use. Many species of wildlife are found on the 
forest including deer, black bear, fisher, marten, grouse, quail 
and pigeons. Hunting on the forest is allowed during the ap- 
propriate season. Firewood cutting is allowed on the forest 
from existing dead and down logs when a firewood stamp is 
purchased. Many archeological sites have been found on the 
forest and a Native American site which was used for 8,000 
years is currently being turned into an interpretive site for 
visitors. 

The forest had a timber inventory of 100 million board ft 
when the state took over management in 1946. Large giant 
sequoia trees are not included in this inventory since they are 
not managed for timber production. Since 1946, the State has 
harvested approximately 100 million board ft of timber from 
the forest. Currently the forest has a standing inventory of 
100 million board ft with an annual growth rate of two mil- 
lion board ft per yr. Growth rate data come from permanent 
plots located in the forest that are measured every five years. 

What is believed to be the seventh largest giant sequoia is 
found on the forest: the Genesis tree. Many large giant se- 
quoia are found and silvicultural prescriptions are designed 
to produce old-growth giant sequoia habitat for future gen- 
erations. Several giant sequoia groves have been managed to 
produce relatively open stands which allow visitors to view 
the monarchs without obstructions. The open stands also 
break up the horizontal and vertical fuel continuity making 
these stands less susceptible to intense crown fires. Regen- 
eration of giant sequoia at Mountain Home has been relatively 
successful due to past disturbance regimes (e.g., fire and log- 
ging). 

A large program to identify and protect sugar pine trees 
resistant to white pine blister rust is being conducted on the 
forest. Seeds are collected from resistant trees and grown at 
State nurseries. Forest managers at Mountain Home are con- 
cerned about the low density of sugar pine on the forest from 
past logging operations and blister rust infestation. 


Silviculture at Mountain Home 


The forest has been primarily managed using uneven-aged 
systems since 1946. Early logging operations (around 1900) 
used some clear-cutting, particularly in the harvesting of gi- 
ant sequoia. Group selection is used on the forest to harvest 
timber and to provide the disturbance necessary for regen- 
eration of shade intolerant species. The majority of timber 
sales on Mountain Home are dominated by white fir. The sec- 
ond most common tree harvested is sugar pine, followed by 
incense cedar and ponderosa pine. 

At Mountain Home, current information on the growth of 


young growth giant sequoia stands is estimated from indi- 
vidual tree measurements (Dulitz 1985). Early work on 
growth of mature giant sequoia in the Mariposa Grove of 
Yosemite National Park yielded an annual average increment 
of .04 inches /year (Hartesveldt 1962). Uneven-aged manage- 
ment of young growth giant sequoia at Mountain Home has 
resulted in an annual increment of 0.13-0.31 in per yr (Dulitz 
1985). Natural young growth giant sequoia stands at Moun- 
tain Home produced a mean annual growth rate of 629 board 
ft per ac at age 86 (Dulitz 1985). 

Current research being done at Mountain Home will iden- 
tify how large a group selection opening is required to suc- 
cessfully regenerate giant sequoia and sugar pine (Stephens 
1995). In 1993, 840,000 board ft of timber was harvested from 
60 groups varying in size between 0.25-2.5 ac. The groups 
have been harvested in an old-growth mixed conifer forest 
with mature giant sequoia. Three different slash treatments 
were prescribed: pile and burn, broadcast burn and lopped 
and scattered (no burn). The group selection cuts will be moni- 
tored to determine how the establishment and growth of each 
species will be affected by the different opening sizes and slash 
treatments. 

Another research project is investigating the response of 
young growth giant sequoia stands to single tree selection. 
This experiment was started in the summer of 1989 and the 
principal investigators are Robert E. Martin and Donald P. 
Gasser of the University of California, Berkeley. 


SUMMARY 


Due to variations in grove environments, grove age structures, 
and grove management histories, no singular “correct” man- 
agement regime to “preserve, protect and restore giant se- 
quoia groves” (Sequoia National Forest, 1990, Mediated 
Settlement Agreement) exists. 

Data collected to date suggests that the majority of giant 
sequoia ecosystems have changed structurally with fire sup- 
pression and logging the last century, with some also differ- 
ing in their composition and functionality. Of the 
approximately 75 giant sequoia groves in the western Sierra 
Nevada, about 30 are in essentially wildlands (e.g., wilder- 
ness, protected, unlogged). Many giant sequoia ecosystems 
appear to be in need of fuel reduction and the opening of 
canopy gaps, as natural regeneration of giant sequoia within 
the majority of unlogged groves has been very low this last 
century, shifting demographics. Human activities such as 
logging, road and housing construction, and recreation have 
changed the ecology of parts of groves, and in rare instances, 
entire groves, and appropriate restocking activities may be 
useful in some cases. Funds must be made available to allow 
implementation of needed management activities. 
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Due to variations in grove environments, grove age struc- 
tures, and grove management histories, no single “correct” 
management regime to preserve, protect and restore giant 
sequoia groves is needed. A review of past and current giant 
sequoia management practices suggests that it would be use- 
ful for the SNEP to provide managers with a palette of grove 
assessment and management tools, and the workgroup is 
doing this. It is important for giant sequoia managers to work 
closely with scientists and the public to design goals or de- 
sired conditions for their giant sequoia ecosystems. Then, 
appropriate adaptive management techniques to restore 
groves to near-natural and other desired conditions can be 
chosen and carefully implemented, monitored, and modified 
as needed. Restoration tools to be considered should include 
prescribed fire, removal of individual trees using low-impact 
techniques, removal of various types of fuels, removal of roads 
and other human construction where appropriate, and re- 
planting of juveniles from local seed sources. 

Management of giant sequoia as a long-lived, massive tree 
with a shallow root system, and of the species with its geo- 
graphically restricted distribution, narrow genetic variabil- 
ity, fire adaptations, and high public values as the Sierra 
Nevada’s most “charismatic mega-floral component”, sug- 
gests that public agencies (with over 90% of the approximately 
40,000 acres of giant sequoia grove-based ecosystems in pub- 
lic ownership) should consider coupling local planning ef- 
forts with regional, ecosystem planning for giant sequoia such 
that a variety of human needs can be incorporated into grove 
use (e.g., recreation, spiritual, aesthetic) and management 
while insuring and improving the ecological status of the spe- 
cies. The species does not appear to be in danger of extinc- 
tion, as well over 200,000 individual trees greater than 1 ft 
dbh exist, with the species responsive to management. There 
is an obvious need to better inform and educate the pubic 
about giant sequoia ecosystems, and incorporate the public 
into ecosystem management. 
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SILVICS, YIELD AND WOOD PROPERTIES 
OF GIANT SEQUOIA 


Given the correct growing conditions (full sunlight, soil mois- 
ture availability throughout the year, and deep, fertile soils) 
giant sequoia will grow faster than any native or exotic tree 
species in the mixed conifer zone of the Sierra Nevada. Re- 
search conducted at the University of California Blodgett 
Research Station in the early 1960s has indicated giant 
sequoia’s planted in selectively cut as well as clear-cut stands 
have out-grown other species (Gasser 1994). 

Recent measurements of a clear-cut planted in 1981 at 
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Blodgett have shown giant sequoia height growth to be 20% 
greater than its nearest competitor (ponderosa pine), while it 
averages nearly double that of the other native species. Gi- 
ant sequoia diameter growth in the same compartment is over 
20% greater than ponderosa pine and nearly triple that of 
Douglas-fir, sugar pine and white fir (Gasser 1994). Young 
giant sequoia in Mountain Home Experimental State Forest 
have also out grown all other native species in the southern 
Sierra Nevada (Dulitz 1988). 

Measurements of growth in a group selection system at 
Blodgett planted in 1982 has also shown giant sequoia is the 
fastest growing tree. Group size was approximately 1 acre. 
Average height growth is 50% greater than the nearest com- 
petitors (ponderosa and sugar pines), while its growth triples 
or even quadruples the other mixed conifer natives. Diam- 
eter growth in the same unit is over 60% greater than the near- 
est competitor and four to seven times that of other coniferous 
species (Heald 1989). 

In the best plantations in the Sierra Nevada, giant sequoia 
averages 0.5 to 0.7 m (1.6 to 2.3 ft.) per year in height growth, 
and 1.3 to 2 cm (0.5 to 0.8 in.) in diameter growth per year 
(Finns 1979). Growth of young growth giant sequoia stands 
is reported to be 9 m3/ year (126 ft3/ year) at a mean annual 
increment age of 86 (Cook and Dulitz 1978) and estimated 
average productivity of giant sequoia groves is reported to 
be 11 m3/year (Libby 1994). 

In old-growth groves, rapid height growth continues on 
better sites for at least 100 years. At 400 years, trees range in 
height from about 34 to 73 m (110 to 240 ft.) (Weatherspoon 
1991). Analysis of a large old growth populations resulted in 
an average dbh of 48 cm (18.9 in) at 100 years, 132 cm (52 in) 
at 400 years, 219 cm (86.1 in) at 800 years and 427 cm (168 in) 
at 2,000 years (Harvey et al. 1980). Care must be taken in 
using these values of average growth since large variances 
will occur depending on individual site characteristics. 

In some areas, giant sequoia growth has declined over time. 
In Foresthill, a plantation was installed in 1981 on site 1A land 
with good rainfall. On this site, giant sequoia in mixed 
plantings were initially the fastest growers but have since 
fallen off and ponderosa pine has surpassed them (Gasser 
1994). Ponderosa pine is more adapted to a summer drought 
period and can out grow giant sequoia on drier sites. Giant 
sequoia growth in a plantation installed in 1966 in the same 
general area has also declined. Initially growth was rapid 
but it has declined over time and the trees color after five 
years of drought is chlorotic (Gasser 1994). Giant sequoia 
seedlings and saplings may not release quickly when the 
overstory is removed (Schubert 1962). Giant sequoia environ- 
mental requirements are not completely understood but the 
differences in growth rate may be related to light requirements 
and soil moisture availability during the summer. 

Giant sequoia is rarely found in pure stands but is a com- 
ponent of the mixed conifer ecosystem. In a study where al- 
most all of the giant sequoia’s were inventoried in the national 
parks of California, giant sequoia occupies approximately 200 


square feet of basal area per acre. On average, these trees are 
large since over half of the basal area per acre is composed of 
giant sequoia even though it only makes up 5% of stand den- 
sity (trees/acre) (Stohlgren 1991). 

Young growth giant sequoia has excellent wood quality 
when proper silvicultural treatments are applied. Proper 
treatments include early lower branch pruning to produce 
clear lumber and planting relatively high density stands to 
reduce trunk taper. When compared to young growth coast 
redwood (Sequoia sempervirens), giant sequoia has qualities 
that meets or exceeds coast redwood in the important prop- 
erties of specific gravity, most mechanical properties, extrac- 
tive content and decay resistance (Gasser 1994). Studies have 
also shown that young growth giant sequoia is both stronger 
and heavier than old growth giant sequoia (Piirto and Wilcox 
1981). 

Giant sequoia has excellent characteristics such as growth 
rate and wood quality making it an excellent candidate for 
commercial operations. Silvicultural systems such as group 
selection that plant multiple species (giant sequoia, sugar and 
ponderosa pines, incense cedar, and white fir) can be used to 
produce wood products when this is a land management ob- 
jective. 
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APPENDIX 8.1 


Chronological Review of the 
Literature on Giant Sequoia 


The early literature on giant sequoia (1853-1920s) mainly dealt 
with tales of the discovery of the trees, locations of new groves, 
measurements of size and age, general tree descriptions, com- 
parisons to the coast redwood (Sequoia sempervirens), and the 
potential value for logging. Many myths were generated from 
incorrect tree measurements, hasty assumptions, and the gen- 
eral excitement about such a large and visually appealing tree. 
The Yosemite and Calaveras parks groves were early topics, 
as the discovery claims revolved mainly around these areas 
(e.g., Barton 1885; Hutchings 1886; Muir 1878; Vischer 1862). 

One of the first issues to gain attention was the botanical 
classification (i.e., systematics) of the species. Arguments 
began initially when this California taxa was named 
Wellingtonia gigantea after an Englishman (Lindley 1853a, 
1853b). The name and taxonomic affinities of giant sequoia 
have changed several times, and evolved to the species cur- 
rent taxonomic identification as Sequoiadendron giganteum 
(Lindley) Buchholz in the Taxodiaceae family; however, al- 
ternate ideas still remain (Hart and Price 1990; Piirto 1994; St. 
John and Krause 1954). 

Cultivation of giant sequoia in other countries began 
quickly, as seed from the monarchs was gathered and sent 
away (Ewan 1973; Hartesveldt 1969; Knigge 1994). In addi- 
tion, several railroad companies performed early surveys of 
sequoia groves for their own commercial purposes (e.g., com- 
mercial logging, timbers for railroad construction, etc.) (Si- 
erra Railway Company 1909; Southern-Pacific Company 1901; 
Wells 1906, 1907), and their activity may have triggered early 
conservation efforts to preserve the big trees (Dilsaver and 
Tweed 1990). 

Starting in the 1930s, more truly historical investigations 
reviewed the details of the discovery of giant sequoia (e.g., 
Ellsworth 1933), with some of these books becoming major 
popular references, such as the 1930 book by Fry and White 
which had many later additions published. Research was 
published on the basic biology of the species as well (e.g., 
Buchholz 1937, 1938). A large amount of Douglass’ ground- 
breaking work on giant sequoia tree-rings, climate and growth 
was published in the 1940s (e.g. Douglass 1945a, 1945b), and 
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in the 1950s Axelrod began publishing ideas from his paleo- 
botanical research on the evolution of the giant sequoia (e.g., 
Axelrod 1959, 1962). DeLeon also made a strong statement in 
his 1952 findings that at least twenty species of insects did 
inhabit giant sequoia trees, in contrast to earlier misconcep- 
tions that giant sequoia was an insect repellent tree. Grove 
inventories were also published throughout these years, as 
individuals searched for the “biggest” trees. 

In the late 1960s, more intensive studies of the ecology and 
distribution of giant sequoia emerged. Agee’s studies of fire, 
survival and grove communities (e.g., Agee 1967, 1968, 1969) 
and Rundel’s distribution, fire and water relations work (e.g., 
Rundel 1967a, 1969b) began a line of investigation focused 
on the giant sequoia ecosystem, not simply on the tree itself. 

Hartesveldt became a major author on giant sequoia 
through his extensive research program, which began in the 
1960s, and he published several books and papers with his 
San Jose State colleagues through the early 1980s (e.g., 
Hartesveldt et al. 1975; Harvey et al. 1980). Giant sequoia 
studies now focused on more detailed fire, pathogen, insect 
and neighboring tree interactions within specific sections of 
groves (e.g., David and Wood 1982a; Parsons 1978; Piirto et 
al. 1977; Tarasova 1977), and grove management was becom- 
ing a larger issue (e.g., Bonnicksen and Stone 1978; 
Christensen et al. 1987; Hawksworth 1977; U. S. Forest Ser- 
vice 1985 Workshop on Management of Giant Sequoia). Ge- 
netic differentiation within and between groves also began 
to be investigated more thoroughly (e.g., Du and Fins 1989; 
Libby 1985). The most recent work on birds in giant sequoia 
groves (Snyder et al. 1986; Marshall 1988) has built upon ear- 
lier studies (e.g., Koford 1953; Kilgore 1978), but remain as 
studies focused on a particular grove area (i.e. Redwood 
Mountain) or species (i.e. the condor). 

Several research topics have received a lot of focus in the 
literature since 1990. Paleoecological studies using dendro- 
chronology as a tool for fire and climate reconstructions and 
pollen analyses to reconstruct past plant communities and 
climatic changes have dominated the refereed scientific lit- 
erature (e.g., Anderson and Smith 1994; Brown 1992; Caprio 
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et al. 1994; Hughes and Brown 1992; Koehler and Anderson 
1994; Mutch 1994; Swetnam 1993). Ecophysiology studies 
assessing the effects of air pollution on giant sequoia, and in 
particular ozone, have also gained attention (e.g., Evans 1991; 
Grulke and Miller 1994; Miller et al. 1994). 

The role of fire in the ecosystem continues as an important 
research focus, with studies investigating fire as both a natu- 
ral process and a risk or hazard of management concern (e.g., 
K. Anderson 1993; Christensen 1991; Franco 1993; Parsons 
1993; Stephenson et al. 1991). The 1992 U.S. Forest Service 
Symposium on Giant Sequoias: Their Place in the Ecosystem 
and Society, showed that topics such as genetics, wood prop- 
erties, insects and pathogens, cultivation, and human inter- 
actions and values remain areas of current investigation. 

Data on plant communities in giant sequoia groves can be 
obtained from several sources. Kilgore did a specific survey 
of a section of Whitaker’s Forest during his bird studies 
(Kilgore 1968, 1971a). Rundel looked in detail at Muir grove 
and in general at several other sites during his dissertation 
work (Rundel 1969b). Harvey et al. (1980) surveyed areas of 
giant forest in their large study. In recent years, D. Graber 
and N. Stephenson (personal communication) have gathered 
vegetation data for Sequoia and Kings Canyon National Parks, 
as has Don Potter of the USFS for the Sierra and Sequoia Na- 
tional Forests (unpublished data, personal communication). 
Other areas have standard species checklists and other data 
sets depending upon research performed at each grove. 

There is a need for research on a broader set of topics to 
inform ecosystem management For example, no detailed 
studies on reptiles or amphibians were found, which leaves a 
gap in the story of grove wildlife and plant-animal interac- 
tions. Grazing, noted by many as a cause of altered vegeta- 
tion distributions in the Sierra Nevada, only can be found 
referencing the giant sequoia groves in historical books and 
two reports (Dilsaver and Tweed 1990; Otter 1963; Sudworth 
1900a; Vankat 1968). One study on rock chemistry comprises 
the only direct geologic work in the groves (Sherwood 1994). 
Soils are studied in reference to human effects by Hartesveldt 
(Hartesveldt 1964b), with fire impacts by Rundel and St. John 
(e.g., Rundel and St. John 1975; St. John 1976), and for general 
soil properties as described by Zinke and colleagues (Zinke 
and Crocker 1962; Zinke and Stangenberger 1994), but much 
further research on soils and subsoils is needed. Some de- 
tailed soil mapping has been done for select areas. Aside from 
a few basic descriptions and symbiont/pathogen studies (e.g., 
Mejstrik and Kelley 1979; Miller 1987), work on roots has fo- 
cused on biochemistry (e.g., the studies of Berthon and col- 
leagues published from 1987-1991), with Wolford 
investigating the rooting of propagates (e.g., Wolford and 
Libby 1976). Decomposition, a long-term ecological process, 
has only been investigated by a few scientists (e.g., Stohlgren 
1988a, 1988b; Harmon et al. 1987). 

In addition, human dimensions of giant sequoia ecosys- 
tems have been incompletely addressed, although various 
popular press and a few scientific articles and books address 


the various human values we give the individual monarch 
trees (Dilsaver and Tweed 1990; Tweed 1994), our use of the 
understory components of the ecosystem (under Native 
American and other management) (Berland 1963; Franco 1994; 
K. Anderson 1993), the conservation movement and the role 
of giant sequoia in it (Vale 1975; Cloer 1994), grove aesthetics 
(Dilsaver and Tweed 1990), visitor perceptions (Dawson and 
Greco 1994), and commodity values and grove management 
(Dulitz 1994; Duysen 1994; Rueger 1994). 


APPENDIX 8.2 


Biogeography of Giant Sequoia: 
A Context for Management 


The fundamental question concerning the biogeography of 
giant sequoia (Sequoiadendron giganteum ) is “Why are the trees 
are found where they are and not elsewhere?”. Why is a spe- 
cies that is so adaptive (as witnessed in plantations and hor- 
ticultural use) so naturally restricted in its distribtion? To 
answer this involves not only analysis of the factors presently 
controlling the distribution of giant sequoia, but interpreta- 
tion of the paleoecology and prehistoric distribution of the 
species from fossil records. 

Compared to other conifers in the Sierra Nevada, giant se- 
quoia has a unique and highly localized distribution. A few 
other Sierra Nevada conifers have unusual, restricted distri- 
butions, such as Washoe pine (Pinus washoensis) and foxtail 
pine (P. balfouriana), but they have very different ecologies 
than giant sequoia. Giant sequoia occurs in approximately 
seventy-three groves as a local dominant in the mixed coni- 
fer zone on the western slope of the range. Northerly groves 
are more spatially disjunct. Giant sequoia’s natural range is 
across a narrow north-south trending belt on the west slope 
of the Sierra Nevada approximately 15 mi wide by 260 mi 
long (between 35° 50' N - 39 °00' N). Giant sequoia elevational 
distribution ranges between approximately 4,500 and 7,500 
ft, with no obvious north to south changes along an elevational 
gradient. 

Although giant sequoia can be found growing under a 
range of physical environmental conditions, it tends to be most 
commonly associated with sites which are high in soil mois- 
ture and have a northerly aspect. The climate is montane, 
Mediterranean with wet winters and dry summers. Precipi- 
tation, mostly snow, exceeds 60 in at the northern limit of its 
distribution, decreasing to approximately 35-40 in in the south. 
Summers are mild with temperatures rarely exceeding 85°F, 
and winter temperatures only occasionally falling below 0°F. 


325 


PREHISTORIC DISTRIBUTION 
AND MIGRATION 


Most of the research into the ancient environments of giant 
sequoia and its ancestors is derived from the work of Axelrod 
(1956, 1959, 1962, 1976, 1986). Ornduff (1994) also provides a 
thorough summary as does Millar (1996, SNEP report). Fos- 
sils attributed to Sequoiadendron date as far back as the Juras- 
sic (145-205 mya) and have been found in several locations, 
including the Western and Eastern United States, Greenland, 
Spitzbergen, mainland Europe, the British Isles, and eastern 
Asia (Florin 1963; Axelrod 1986). The most recent fossil evi- 
dence of an Old World distribution dates to the late Oligocene, 
approximately 30 mya (Florin 1963). This evidence suggests 
local extinction around this period, although more recent fos- 
sils may yet be found. 

Giant sequoia is thought to have made the transition to a 
near modern distribution in the Sierra Nevada during the late 
Miocene and Pliocene, approximately 2.5-10 mya (Axelrod 
1959). Fossils of the close ancestor S. chaneyi are listed in late 
Miocene and Pliocene collections from several locations in 
Western Nevada. It is hypothesized that the increasing 
continentality of interior Western North America with the 
orogeny of the Sierra Nevada, with subsequent development 
of a rainshadow to the east of the range crest and creation of 
a mosaic of topoclimates on the western slopes, is respon- 
sible for the range restriction and speciation. The increas- 
ingly inhospitable climate (with an increased temperature 
range and drying) of its former interior range likely caused 
local extinction and encouraged migration to the mesic and 
milder conditions of the western Sierra Nevada, probably 
around 6-7 mya. It is interesting to note that the fossils show 
the gross morphology of the species to be little changed over 
the last 20-30 million years (Fins and Libby 1994). 

In a review of the Tertiary history of the Sierra Nevada, 
Millar (1996, SNEP report) summarizes the trends and changes 
in the biophysical environmen and associated floras and plant 
associations during the time period between 2.5-65 and mya. 
Her primary focus is on reviewing and analysing thirty-eight 
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Tertiary fossil floras collected at sites within or near the present 
day Sierra Nevada. The information pertaining directly to 
Sequoiadendron giganteum is briefly summarized below. 

There is currently no Paleogene (pre-Miocene) fossil record 
of Sequoiadendron for the greater Sierra Nevada region. Fos- 
sils of Sequoiadendron chaneyi first appear in the Miocene. 
Complete species lists of the Miocene fossil assemblages con- 
taining Sequoiadendron chaneyi are provided in Millar’s tables 
5 (Aldrich Station), 8 (Chalk Hills), 12 (Fallon),19 (Middlegate), 
26 (Purple Mtn.), and 29 (Stewart Springs). The modern taxa 
Sequoiadendron giganteum first appears in fossil assemblages 
from the Pliocene, summarized in Millar’s tables 11 (Darwin 
Summit - Coso), 16 (Haiwee - Coso), 21 (Mt. Reba), and 24 
(Owens Gorge). General information on the age, location, 
and elevation of the sample sites, and primary references are 
given in Millar’s tables 2 and 3, while her figure 16 is a map 
showing precise locations of the collection sites for S. 
giganteum. 

Very little information is available on the Pleistocene dis- 
tribution of giant sequoia, as fossiliferous deposits are lack- 
ing or undated. Various accounts of “redwood” being 
encountered in well logs of Pleistocene alluvial deposits along 
the fans of the San Joaquin Valley and from Pleistocene Lake 
Tulare have been made (Anderson 1994), but dating of these 
materials has not been done. O. Davis (unpublished pollen 
diagram) has recorded small amounts of giant sequoia pol- 
len from a nearshore core at Mono Lake (elevation ca. 1943 m 
asl) dating 10,000-12,000 year B.P. on the eastern side of the 
Sierra Nevada, well beyond the current range limit of the spe- 
cies. Davis and Moratto (1988) also record giant sequoia pol- 
len at ca. 10,500 year B.P. in Exchequer meadow sediments at 
the 2219 m elevation of Sierra Nevada Forest, above the cur- 
rent elevational distribution of the species in this region. Cole 
(1983) also discusses the occurrence of giant sequoia in the 
late Pleistocene based on plant macrofossils and pollen from 
packrat middens collected from Kings Canyon, where giant 
sequoia pollen is found in middens ranging from 14,000- 
>>45,000 year B.P. in middens largely within the current 
elevational range of the species (with middens from 920-1,230 
m elevation; see also Kohler and Anderson 1994). However, 
the best most interesting research on the latest Pleistocene— 
Holocene occurrence of giant sequoia comes from the work 
of Koehler and Anderson (1994) at Nichols Meadow (eleva- 
tion 1,509 m asl) near the Nelder Grove (and within its ad- 
ministrative boundaries) on the Sierra National Forest. 
Meadow sediments here date to the last 18,500 years B.P., with 
this site below the elevational extension of the Sierra Nevada 
valley glaciers. Buried and surficial giant sequoia logs are 
present in the meadow, including two logs which date ca. 
10,000 year B.P. Changes in the stream system following 
deglaciation and in the local groundwater table seem to ac- 
count for the invasion of giant sequoia after 11,500 year B.P. 
Koehler and Anderson (1994) state that giant sequoia was 
excluded from the meadow and the Nelder Grove site during 
the full glacial, and largely restricted to riparian sites, prob- 


ably migrating upslope with the termination of the glacial, 
with range restriction with the onset of early Holocene arid- 
ity ca. 9,000 year B.P. 

Pollen data from Exchequer Meadow (elevation 2,219 m 
asl), about 5 miles north of the McKinley Grove on the Sierra 
National Forest, suggest that the early Holocene was warm 
(with temperatures not much lower than today) and dry 
(Davis and Moratto 1988), and that giant sequoia was expand- 
ing its range at this time. Sequoiadendron pollen is found here 
in meadow sediments dating to ca. 9,000-11,000 year B.P., with 
no macrofossils of Sequoiadendron found, suggesting that trees 
were not found immediately adjacent or upstream of the 
Meadow. This expansion of giant sequoia regionally occurred 
with warming conditions and the local demise of alpine grass- 
land vegetation. As Sequoiadendron pollen levels drop to near 
zero following this event, giant sequoia trees must have ei- 
ther rapidly migrated through the region or major, or a rapid 
changes in local storm tracks occured, with storms from the 
south and southeast allowing wind deposition from the 
McKinley Grove or the Converse Basin grove complex. Re- 
gardless, the record suggest that giant sequoia were locally 
present around the 2,000 m elevation at this time. 

John Muir (1877) was one of the first to speculate on con- 
trols of the modern distribution of giant sequoia, suggesting 
that Pleistocene glaciations were the driving force in shaping 
the current pattern of giant sequoia dispersion on the land- 
scape. Additionaly, Axelrod (1986) points to a warm climatic 
regime during the Holocene, between 8,000-4,000 years ago, 
as a driving force which has restricted the current distribu- 
tion. Anderson’s (1994) study of pollen and plant macrofos- 
sils from Log Meadow (elevation 2,048 m asl), Sequoia 
National Park, treats this subject in greater detail, largely fo- 
cusing on the last 4,000 years of the Neoglacial, and is sum- 
marized herein. 

The record from Log Meadow in the Giant Forest grove 
(Anderson 1994) is divided into three distinct periods. From 
9,000-10,500 year B.P., giant sequoia was locally absent, indi- 
cated by negligible amounts of giant sequoia pollen and a 
complete absence of macrofossils. The period between 4,500- 
9,000 year B.P. contains the first appearance of macrofossils 
and only slightly higher concentrations of pollen, indicating 
minimal local expansion of the giant sequoia population. 
From 4,500 year B.P. to the present pollen and plant macro- 
fossils show a marked increase, indicating localized expan- 
sion approaching the contemporary occurrence of the grove. 
Additionally, the complete plant assemblages constructed 
from this record indicate a general trend toward moister con- 
ditions. In summary, the data strongly indicate the develop- 
ment and expansion of a giant sequoia grove at this site, with 
expansion being most vigorous during the most recent pe- 
riod from 4,500 year B.P. to the present. Anderson and Smith’s 
(1994) summary of meadow sediment, pollen and plant mac- 
rofossil stratigraphies from the southern and central Sierra 
Nevada show that giant sequoia were rare in association with 
these meadows prior to 6,000 year B.P., expanding between 
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ca. 4,000-6,000 year B.P. and continuing to increase thereaf- 
ter. They infer that this range change may reflect both chang- 
ing moisture regimes and the development of organic rich 
meadow sediments. Although still unclear, it is also suggested 
from the pollen stratigraphy that Sierra Nevada giant sequoia 
groves may have been expanding at the time of EuroAmerican 
settlement in California during the cooler Little Ice Age. 

Further information on Holocene climatic change and fire 
frequency is also available from tree-ring studies. In the early 
1900s, Ellsworth Huntington became interested in Andrew 
Ellicott Douglass’ work with tree-rings of ponderosa pine in 
the American Southwest. Douglass was the founder of the 
Laboratory of Tree-Ring Research at the University of Ari- 
zona and was attempting to correlate rainfall records with 
tree-rings. Huntington began tree-ring ring studies in the Si- 
erra Nevada examining the growth rings of giant sequoia in 
an effort to evaluate long-term changes in climate. In 1915, 
he showed Douglass the trees that had been sampled, and in 
that year Douglass began collecting his own samples for cross- 
dating purposes in the cutover areas of Converse Basin. 
Douglass continued to make trips to the Sierra Nevada and 
formed a 3,200 year-long chronology with each annual ring 
assigned to a calendar year, but could not precisely link his 
data to temperature and precipitation records from the time, 
due to a scarcity of meteorological data (Douglass 1919, 1928). 
Antevs (1925) and Huntington (1914) also were unsuccessful 
in comparing climatic records to the tree-ring data. Douglass 
eventually published a summary of his field sampling trips 
on giant sequoia and resulting studies in the Tree-Ring Bulle- 
tin (Douglass 1945a,1945b, 1946). Much of this work formed 
the basis for modern dendrochronology. 

Chronologies developed by Brown et al. (1992) confirmed 
the dating chronology originally developed by Douglass 
(1919). Additional studies (Brown et al. 1992; Hughes and 
Brown 1992; Swetnam et al. 1992) yielded chronologies that 
could be linked to specific years and demonstrated a strong 
relationship between vary narrow rings in giant sequoia and 
extreme drought events in the San Joaquin River drainage 
(Hughes et al. 1990). Hughes and Brown used the number of 
times low-growth years (indicated by small ring-width indi- 
ces) were present in samples from the Giant Forest Grove, 
Mountain Home Grove, and Camp Six complex to infer the 
number of extreme droughts from 101 BC to 1988 AD. They 
found the twentieth century so far to have had a below-aver- 
age frequency of droughts, and the period from 1850-1950 
AD to have had one of the lowest frequencies of drought of 
any one hundred year period. 


FIRE HISTORY 


The presence of fire scars on tree trunks, logs, stumps and 
snags in giant sequoia-mixed conifer forests allows research- 
ers to determine very detailed fire histories for these forests. 
Some of the noise encountered in the chronologies was 


thought to be growth responses to fire events, which was 
shown to be the case in further study (Brown et al. 1992; 
Swetnam 1992; Caprio et al. 1994; Mutch 1994). Fires were 
found to occur mostly in late summer and early fall, and vary 
in frequency, size and severity from a maximum of three to 
four per decade to a low of one to two per decade (Swetnam 
1992). Swetnam’s fire scar data showed that frequent, small 
fires occurred during a warm period from 1000-1300 AD, and 
infrequent, more widespread fires occurred in cooler periods 
of 500-1000 AD and since 1300 AD, all in relationship to re- 
gional climate (Swetnam 1993). These results showed that fire 
and climate records go hand-in-hand, as regional climate ef- 
fected fuel accumulation, fire frequency, fire severity, and tree 
growth rings. 

In addition, tree rings have provided information on fire 
intensity. Some scars suggest that large, high intensity fires 
burned through giant sequoia groves, but that these wer rare 
occurrences. For a high severity fire which occurred in the 
year 1297 AD in the Mountain Home forest (sampling area), 
Caprio et al. (1994) were able to study fire intensity and the 
post-fire growth release. The large growth release, lasting 30- 
100 years in some trees, is hypothesized to be due to release 
of competition, as neighbors were killed and therefore more 
light, water and nutrients were available to the surviving trees 
(Caprio et al. 1994). 

Future work gathering data from earlier time periods and 
other groves is in progress, with wood density, cell size and 
wood chemistry under analysis as well. A thorough under- 
standing of fire regime and fire-climate interactions in giant 
sequoia groves is critical to understanding the population 
dynamics of the groves. Data also will help with analyses of 
potential reactions of the groves to future climate change. 

Fire in the giant sequoia mixed-conifer ecosystem has been 
written about often. It will be only briefly discussed here with 
regard to the potential role that forest fire has played in shap- 
ing the local pattern of giant sequoia dispersion during the 
late Holocene. In investigating the link between fire and 
maintenance of giant sequoia populations, Stephenson (1994) 
presents three lines of evidence supporting the strong role 
that locally intense fires play in successful seedling recruit- 
ment and establishment. First, intense, local crown fires did 
occur prior to substantial European disturbance of grove struc- 
ture and fuel loads. Second, the highest levels of giant se- 
quoia seed dispersal and the highest levels of establishment, 
growth and survival of seedlings are evident where fires have 
burned most intensely. Lastly, the present mosaic of locally 
even-aged clumps of living giant sequoias conforms well to 
patterns of localized destruction of the forest canopy from 
past fires. In other words, it is strongly suggested that the 
pioneering ability of giant sequoia in burned forest clearings 
is largely responsible for the patterns of establishment seen 
today. 


328 


ADDENDUM 


BIOLOGICAL HIERARCHIES 


From a biological perspective, giant sequoia can be studied 
at the genetic level, at the whole organism level from a physi- 
ological and structural perspective, in its metapopulations that 
make up the giant sequoia groves and the species, in its asso- 
ciation with other plants and animals in biotic communities, 
and at the ecosystem level in its association with the func- 
tionally integrated biophysical system. 

In reference to these hierarchies, the most complete work 
has been done at the population level, in reference to the dis- 
tribution of the species and the number of trees in various 
size classes in the metapopulations. The most detailed de- 
mographic data is available for the groves of Sequoia and 
Kings Canyon National Parks. The life history of the species 
is also well know, as are its ecophysiological tolerances. 

Select information exists on the genetic diversity of the 
species within and between populations across its natural 
range. Approximately thirty of the seventy-three giant se- 
quoia groves had been sampled for genetic study, with seeds 
from various groves planted in common garden provenance 
studies both in California and elsewhere (Fins and Libby 
1994). The most recent summary of this research is provided 
in Fins and Libby (1994) (citing Fins 1979; Fins and Libby 1982; 
Mahalovich 1985; Du and Fins 1989). The work of Fins and 
Libby (1994) and Rogers et al. (1996, SNEP report) suggests 
that the species genetic diversity is relatively low compared 
to other Sierra Nevada conifers, but the species does exhibit 
variability in its biochemical, morphological and growth traits. 
Isozyme analyses have shown the species to be low in ge- 
netic variation (Fins and Libby 1982), with 90% of the isozyme 
variability occuring within the groves, with the remaining 10% 
distributed among the groves. The northern groves (espe- 
cially the Placer County Grove on the Tahoe National Forest) 
have the lowest within-grove genetic diversity (Fins and Libby 
1982), which may be a function of the southern groves either 
serving as refugia during the Pleistocene (with the Deer Creek 
southerly grove not supporting this concept due to its simi- 
larly low within population genetic variation), or the north- 
erly groves originating from a smaller gene pool as trees 
migrated to the north from the more southerly drainages fol- 
lowing deglacation (Rogers et al. 1996, SNEP report) ca. 
12,000-18,000 years B.P. Isozyme analyses also indicate that 
some inbreeding occurs in natural metapopulations (Fins and 
Libby 1994). 

This is especially true of the Placer County Grove, which 
exhibits genetic rarity and it thus significant from a 
biodiversity conservation perspective (Rogers et al. 1996, 
SNEP report). Rare elements like the Placer County Grove 
are also threathened, as tree death due to timber harvest (al- 
though unlikely due to Botanic Area status of grove) or crown 
fire (possible due to heavy loading of surface and ladder fu- 
els) would deplete the small gene pools (here, six mature gi- 
ant sequoia trees). An additional serious threat is the presence 
of fifty-some in-planted giant sequoia trees from the Moun- 


tain Home grove; these trees were planted by the Lion’s Club 
in 1951 and are reaching sexual maturity, and as such cross- 
breeding is a true threat. These trees should be removed by 
the Forest Service as soon as possible. 

The possible consequences of artificial regeneration (e.g., 
replanting) in other groves, with the introduction of 
propagules from outside the grove following timber harvest, 
fire, or other disturbance events threatens the inherent and 
not fully understood genetic architecture of this species 
(Rogers et al. 1996, SNEP report). Furthermore, the Forest 
Service commonly plants giant sequoia as a fast-growing spe- 
cies in various timber cuts outside the species natural range 
and between the existing groves. This practice should be cur- 
tailed until there is a more complete understanding of the 
species’ genetic architecture using sophisticated analytical 
techniques. Genetic investigations will also help us resolve 
the question as to whether “groves” have inherent properties 
making them a meaningful unit of biological study. 

In reference to biotic communities and ecosystems, scat- 
tered information exists on associated plant and animal spe- 
cies, and on associated soil and rock types, but little 
comparable, comprehensive work has been done such that 
we may understand the variation in giant sequoia communi- 
ties or ecosystems. A comprehensive study of plant commu- 
nities and soils for the southern giant sequoia groves is in 
process by Don Potter, regional ecologist for the Stanislaus, 
Sierra and Sequoia National Forests. The Giant Forest grove 
probably has the most complete set of ecosystem data, as Se- 
quoia National Park has funded various studies of this grove 
through their global climate change research program. Other 
groves which have been studied from a demographic and 
productivity perspective over decades includes the North 
Calaveras Grove, the Mariposa Grove, Redwood Mountain, 
and Mountain Home. 
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